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1.1 PREVALENCE AND INCIDENCE OF CLEFT LIP AND PALATE
Cleft lip and/or cleft palate is a common congenital malformation in humans. The 
prevalence among newborns worldwide is about 1.7 : 1,000, making it the most 
common craniofacial birth defect. There is wide geographic and ethnic variation ranging 
from 0.38 : 1,000 in Sub-Saharan East Africa to 2,39 : 1,000 live births in Southern 
Latin America [1]. The Dutch Cleft Palate Craniofacial Association maintains a national 
orofacial cleft (OFC) registry since 1997, the Dutch Oral Cleft Registration [2]. In 
2016, in total 339 new patients with an OFC were registered by the 10 Dutch cleft 
teams. Thirty-six of them were adopted children with a cleft of whom 28 were already 
operated in the country of origin [3]. Table 1.1 shows the incidence over the last 10 
years (2007-2016) in the Netherlands. When excluding the adopted children, the mean 
number of registered children over the last 10 years born in The Netherlands is 323 (± 
15.5) per year.
 The frequency of other congenital malformations associated with orofacial clefts 
nearly doubled over this 10-year period (Table 1.1). However, advances in the field of 
genetics and more involvement of clinical geneticists in the teams probably lead to a 
higher detection rate of syndromes, sequences or associations than in the past.
Table 1.1: 
Distribution of registered unoperated patients with orofacial clefts by the Dutch cleft teams from 2007 to2016 
(Source: Dutch Oral Cleft Registration - annual reports 2007-2016).
year cleft lip and/
or alveolus 
(CL/A)
cleft lip/
alveolus/
palate (CL/
AP)
cleft palate 
(CP)
total of which 
adopted 
children
of which 
syndrome/ 
sequence / 
association
total 
without 
adoption
2007 88 (27%) 127 (39%) 111 (34%) 326 4 (1.3%) 43 (13.2%) 322
2008 92 (27%) 116 (34%) 134 (29%) 342 10 (2.9%) 62 (18%) 332
2009 82 (24%) 140 (41%) 120 (35%) 342 19 (5.6%) 60 (17.5%) 323
2010 90 (22%) 194 (47%) 125 (31%) 409 87 (21.3%) 90 (22%) 322
2011 87 (22%) 166 (41%) 146 (37%) 399 76 (19%) 100 (25.1%) 323
2012 76 (17%) 198 (45%) 165 (38%) 439 114 (26%) 110 (25%) 325
2013 78 (21%) 130 (36%) 157 (43%) 365 65 (17.8%) 98 (27%) 300
2014 80 (20%) 154 (37%) 179 (43%) 413 57 (13.8%) 145 (35%) 356
2015 83(22%) 119 (31%) 180 (47%) 382 52 (13.6%) 125 (33%) 330
2016 83 (24%) 117 (35%) 139 (41%) 339 36 (10.6%) 112 (33%) 303
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The group of cleft lip and/or cleft palate is very heterogeneous not only because they can 
be syndromic or non-syndromic but also due to the large variety in the cleft phenotypes 
ranging from a bifid uvula to a complete bilateral cleft lip and palate. Clefts can also 
be submucosal or be expressed as a discontinuity of the orbicularis oris muscle only. 
This large variety asks for accurate subphenotyping when making a classifying cleft 
diagnosis [4]. This is not only important for clinical use but especially for research 
purposes where it is often important to compose homogeneous groups. Furthermore, 
accurate subphenotyping is also necessary when aiming to perform genotype-phenotype 
relation studies and ultimately identify the genetic diagnosis. 
1.2 TREATMENT
Regardless of where an individual is born, having an orofacial cleft has lifelong 
implications in terms of health, well-being and quality of life. Patients with cleft 
lip and palate (CLP) receive treatments from infancy until adulthood during which 
they undergo several surgeries as well as other therapeutic interventions by specialists 
collaborating in a team for interdisciplinary care. The surgical procedures are necessary 
to reconstruct the anatomy of the affected anatomical structures, to enhance facial 
esthetics, and to restore the function of the palatal muscles, lip muscles, dentition and 
the nose. Treatment, however, not only improves function and esthetics, yet potentially 
can lead to tissue distortion and can have negative effects on craniofacial growth. This 
may lead to less optimal facial esthetics with concomitant negative effects on psychosocial 
well being [5, 6]. 
 Many treatment protocols exist for the management of patients with cleft lip 
and/or palate. In this respect the findings of the Eurocleft study were staggering [7]. 
From a European wide survey, it was shown that cleft centres practiced 194 different 
treatment protocols for the treatment of unilateral cleft lip and/or palate. These findings 
date from the year 2000, but until today there is a lot of uncertainty and confusion 
about the optimal treatment protocol. Therefore, evaluation of the treatment outcome 
of cleft teams following different treatment protocols is important. In the Eurocleft 
study [7] treatment outcomes in Europe in the 1990s were evaluated. More recently 
results of Americleft [8,9-12] have been published about treatment outcome in the 
US. Both studies propose documentation and record taking for evaluation of treatment 
outcome at certain time points, but give leeway for records at other time points. The 
proposed records for evaluation are mainly in 2D, except for dental casts. For follow-up 
documentation it appears that the first set of complete records is not taken earlier than at 
the age of 5 [7,8]. At this age some records, especially dental casts, have shown to have a 
predictive value for growth and further treatment [13,14]. Nowadays, there is a paradigm 
General introduction
13
C
ha
pt
er
 1
C
ha
pt
er
 2
C
ha
pt
er
 3
C
ha
pt
er
 4
C
ha
pt
er
 5
C
ha
pt
er
 6
C
ha
pt
er
 7
C
ha
pt
er
 8
C
ha
pt
er
 9
C
ha
pt
er
 1
0
shift to more patient-reported outcome measures (PROMs) such as the measurement 
of oral health related quality of life (OHRQoL) which is adjunctive to the biomedical 
assessment methods used until now. This trend leads to a more holistic approach for 
determining treatment outcome for patients with orofacial clefts. These outcomes are 
important since the goal of treatment is to have a happy and psychologically balanced 
individual at the end of the treatment. However, as mentioned earlier objective treatment 
evaluation of different treatment strategies is necessary also. It gives clinicians insight into 
normal growth and development of patients with orofacial clefts and demonstrates what 
can be achieved with treatment. Currently there is a rise in 3D imaging techniques of 
the face to evaluate treatment and follow craniofacial development. The study described 
in this thesis mainly deals with this development. 
 
1.3 THE RISE OF 3D IMAGING TECHNOLOGY
From the start of the Cleft and Craniofacial Team in Nijmegen 50 years ago in 1968 
meticulous attention was paid to standardized record taking to follow patients with 
clefts and craniofacial anomalies longitudinally from birth until maturity. Originally, 
except for plaster models, all patient records were two-dimensional. This represented a 
severe limitation in the diagnosis, treatment planning and outcome evaluation as a cleft 
deformity is a three-dimensional entity that may involve bone, soft tissues as well as 
teeth. These structures are all interlinked and influence the treatment planning but also 
subsequent growth and development. In the early 21st century, 3D imaging techniques 
were rising and clinicians started using these techniques in daily practice. 
 In 2005 the 3D lab at the Radboudumc Nijmegen (the Netherlands) started 
and several 3D techniques had been acquired to assist in the planning of several aspects 
of treatment, including orthodontic treatment and various surgical interventions. 
Several research lines were also developed [15] focusing on specific areas. The use of 3D 
technology for treatment planning and surgical simulations was one of these areas.  This 
concerned different categories of patients ranging from patients without craniofacial 
deformities to patients with cancer. Within this range, patients with cleft lip and/or 
palate soon got attention.
 Nowadays we evaluate maxillofacial growth and nasal architecture with 
stereophotogrammetry on a routine basis, we use intra-oral scanners to make 3D digital 
models of the dentition, we evaluate the cleft area before and after bone grafting with 
conebeam computerized tomography (CBCT), and maxillofacial surgical procedures 
are planned with CBCT, stereophotogrammetry and digitized plaster casts. 
 With the introduction of the 3D imaging technology, it is expected that the 
majority of CLP teams, both nationally and internationally, will use these techniques 
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to assess treatment results. Recent publications [16, 17, 18] show the potential of 
these techniques for measuring outcome and treatment planning. Also, prenatally, 3D 
ultrasonography assists in the early diagnosis of a cleft deformity which may support the 
parents during prenatal counseling. This PhD project, however, only concerns the use of 
3D imaging techniques after birth. 
 In patients with a cleft deformity several tissues are affected, including maxillofacial 
bony structures, soft tissues and dentition. Several 3D technologies exist for imaging the 
different types of tissues. Soft tissue can be assessed with magnetic resonance imaging 
(MRI) and for surface structures stereophotogrammetry or laser surface scanning are 
available. For bony structures CBCT and CT can be used. The dentition can either be 
scanned with an intraoral scanner or impressions can be made which are then scanned 
to produce digital models. Plaster casts can also be scanned. Information derived from 
each of these techniques can be used separately. Yet, by combining several techniques a 
much wider perspective for treatment planning and evaluation is created. This may need 
reflection to see which 3D techniques are appropriate for patients with orofacial clefts. 
3D imaging techniques at best should be non-invasive, fast, low cost and have the least 
radiation dose as possible. Therefore, purpose and possibilities should be considered for 
the different structures of the face in cleft lip and palate patients. 
1.4 BONY STRUCTURES OF THE FACE
CBCT is a recent radiological technique that became more widely available for 
imaging of the craniofacial region after 2005. Before that time multislice computerized 
tomography (CT), which has a much higher radiation dose than CBCT, was the most 
commonly used technique for 3D-imaging of the hard tissues [19, 20]. Both techniques 
use X-rays to produce their images and rotate around the patient, yet, whereas a CT scan 
uses a fan shaped beam that runs through the patient taking multiple slices, a CBCT 
scan produces a divergent cone shaped beam and the wanted field of view is captured 
within one rotation. Concerning the radiation dose, the SEDENTEXCT Consortium 
stated that ‘’the application of CBCT in cleft lip and palate patients was found to be 
the simplest to support’’ for use in dentistry [21]. They further stated that CBCT may 
be preferred in situations for which CT scanning is the current imaging method for the 
assessment of cleft lip and palate. 
 CBCT is mainly used for planning and evaluation of orthognathic surgery and 
for assessment of the anatomy of the bony structures of the nose as well as for evaluation 
of the sinuses [22-26]. These techniques are also used to assess the acceptor as well as 
the donor site (for example the mandibular symphysis) before and after bone grafting 
of the alveolar cleft. This way the amount of bone needed can be carefully planned and 
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the results can be easily evaluated [27, 28-37]. CBCT can also be used to produce a 3D 
image of the maxillary structures to print an obturator for closure of oronasal fistulae 
to improve speech. However, the influence of this new 3D facial imaging modality on 
treatment planning and outcome evaluation needs to be investigated further. 
 Currently, investigations are being carried out in order to evaluate whether 
radiography that is routinely used in orthodontics can be replaced by Magnetic 
Resonance Imaging (MRI) as MRI may give enough information about the craniofacial 
skeleton, and moreover provides information of soft tissues without any radiation [38-
40]. Limitations may be the size of the MRI scan, the supine position of the patient, the 
duration of the scan, and the costs for the patient. 
1.5 SOFT TISSUE STRUCTURES OF THE FACE
1.5.1 Facial soft tissues
Laser surface scanning as well as stereophotogrammetry have been used to assess soft 
tissue changes after cheiloplasty, rhinoplasty and bone grafting [41-47]. Furthermore, 
asymmetry of the soft tissues in cleft lip and/or palate patients has been assessed [43, 
48-52], using landmarks and distances as well as distance maps. 
  In passive stereophotogrammetry several photo cameras are placed under 
different angles and because of these different angles a 3D reconstruction of 2D pictures 
can be calculated. Active stereophotogrammetry uses a multi-camera configuration 
which next to taking pictures, projects a random light pattern to capture structure of 
the face [15].  Stereophotogrammetry is a faster technique to acquire 3D information 
than laser scanning. 
 A recent systematic review [53] about methods to quantify soft-tissue based 
facial growth and treatment outcome in children younger than 6 years of age concluded 
that for these children passive stereophotogrammetry seems to be the best method to 
longitudinally assess facial growth. Studies on infants with cleft lip and/or palate using 
three-dimensional imaging techniques have been performed to evaluate lip changes after 
surgery [54-56] and the effect of nasoalveolar molding [54]. Longitudinal studies on 
cleft lip and/or palate patients could give an idea of growth and effect of surgery with 
aging. For the moment the majority of 3D-stereophotogrammetric studies deals with 
non-cleft individuals [38-44]. In studies on patients with clefts results of surgery of 
the lip, bone grafting, the nose and surgery of the maxillofacial complex are evaluated 
[43,48-52]. Soft tissue analysis based on CBCT can be done, however, should only be 
used when a CBCT scan is indicated for other reasons [57,58,59]. Dynamic temporal 
4D-assessment of the soft tissues may be to register functional repair [60]. Postnatally, 
ultrasound can be useful for assessing the result of lip correction with regard to function 
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[61,62,63,64,65] by assessing the reconstruction of the orbicularis oris muscle before 
and after lip correction. MRI could also show success of lip closure and the continuity 
of the orbicularis oris muscle, however, this is currently a more expensive alternative. 
1.5.2 Airway, palatal muscles and velopharyngeal function
When a cleft palate is present the muscles of the soft palate are involved as well. Because 
the tensor veli palatine muscle is connected to the hard palate and not connected with 
the opposite veli palatine muscle, normal function during speech and swallowing is 
impaired. The goal of surgical palate repair – palatoplasty - is to reach normal speech, 
improve food intake, and ensure successful maxillary growth. When after repair of the 
soft palate the patient does not manage to close the oronasal airway velopharyngeal 
function is impaired resulting in nasal speech or food passage through the nose when 
swallowing. Pharyngeal airway space and volume have been studied with CBCT and 
CT [66,67,68,69]. However, these techniques do not give an impression about function 
during speech and swallowing.  Naso-endoscopy and video fluoroscopy have been used 
to visualize and assess velopharyngeal function. More recent studies show the possibility 
of assessing velopharyngeal function at rest and during phonation with MRI [70,71]. 
MRI can also show muscle deformation after palate repair and can give an impression 
of the anatomy and structure of soft tissues in the oronasopharynx. Cost effectiveness, 
however, may be a problem.
1.6 DENTITION
Laser surface scanning, intraoral scanning, CT, CBCT, or moiré photography are used 
for reconstruction of digital dental casts from plaster casts or from scanning of the 
impressions [9,10,72-81]. Currently, intraoral scanners are booming business and 
probably plaster models will soon become relics of the past. If needed, models can 
still be printed using a 3D printer. Having digital models is convenient for storage 
and makes it possible to integrate data of different imaging modalities (e.g. CBCT, 
stereophotogrammetry) for treatment planning. Treatment planning and outcome 
assessment can also be done on digital models [74,76,77]. 
 The dentition in patients with clefts has also been studied with CT and CBCT, 
in particular in relation to the alveolar cleft. Bone height of teeth next to the alveolar cleft 
and/or the grafted area, eruption and position of teeth around the cleft and other dental 
abnormalities have been studied [24,31,82]. Though the SEDENTEXCT statement 
[21] mentions cleft lip and palate as one of the few justified reasons for a CBCT in 
dentistry, usage should be considered carefully and its benefits should be investigated 
further. 
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1.7 RATIONALE AND AIMS FOR THE PRESENT PHD STUDY
The best 3D imaging technique would be one that gives us all relevant information 
for treatment planning using only one technique with the least invasive treatment or 
radiation dose, yet also making 3D printing possible to manufacture appliances. This 
PhD project aims to investigate some clinical aspects of 3D imaging technology in 
patients with CLP. We wanted to answer the following research questions:
• Which 3D imaging methods are currently available that enable a quantitative analysis 
of facial soft tissues, velopharyngeal function and airway, skeletal morphology, and 
dentition in patients with CLP? (Chapter 2)
• Are there incidental findings that can be expected and that should be addressed 
in patients with cleft lip and/or palate, when a CBCT is available for treatment 
planning and evaluation? (Chapter 3) 
• Can 3D digital models be used for treatment evaluation and assessment of maxillary 
development instead of plaster models or pictures of the plaster models when 
applying the EUROCRAN index? (Chapter 4)
• Can facial asymmetry and distribution of asymmetry be assessed using 
stereophotogrammetry of the face in non-cleft individuals compared to patients 
with different types of unilateral clefts? (Chapter 5) 
• Can compound faces derived from stereophotogrammetric images of non-cleft 
individuals be used to quantify a shape difference in the naso-labial region between 
faces with an orofacial cleft and non-cleft faces and is such a shape difference related 
to the esthetic rating of the face? (Chapter 6) 
Finally we would like to suggest which 3D technology to use and at what time in order 
to evaluate treatment.
1.8 OVERVIEW OF THE THESIS
In chapter 2 current techniques in 3D imaging are investigated and utility and validity 
of the methods are assessed. 
 For the study in chapter 3 CBCT scans routinely performed in the planning 
phase for bone grafting of the alveolar cleft and for evaluation of the bone graft result 
as well as for the orthognathic surgery planning were re-evaluated for the presence of 
incidental findings. This is to investigate whether attention should be paid to specific 
findings in this group of patients and which findings are detected by different specialists 
of a cleft palate team. This information will be helpful in developing guidelines for 
reading a CBCT scan in CLP patients. 
 In chapter 4 we aimed to investigate whether intercentre treatment comparisons 
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can be performed on digital models avoiding long distance travel with heavy and bulky 
plaster models. Eurocleft and Americleft have been evaluating treatment and its effect 
on maxillary growth using plaster models, cephalograms and photographs. Treatment 
outcome and indication for later treatment, for example whether surgery is needed, are 
mainly determined with plaster models using the GOSLON yardstick [83]. However, 
another evaluation tool, the EUROCRAN index, had been developed that also judges 
scar tissue on the palate next to dental arch relationship and shape of the maxillary arch 
[84]. In this chapter we consider the usability of the EUROCRAN index using different 
viewing modalities.
 The study in chapter 5 aims to compare facial asymmetry in patients with 
various types of unilateral clefts with a large pre-adolescent non-cleft sample to evaluate 
which area of the face is the most asymmetrical and whether asymmetry is distributed 
differently in patients with clefts before alveolar bone graft and orthodontic treatment.
 In chapter 6 we develop compound faces of different age groups of a non-
cleft sample to create a mean control face using 3D stereophotogrammetry. Using this 
method, the amount of shape difference in the face between patients with a cleft and a 
non-cleft population mean face can be quantified. It is still unknown, however, whether 
the extent of a shape difference from the average is important for the perception of facial 
esthetics. Therefore, we study nasolabial esthetics in relation to the extent of the nasal 
and labial shape deviation in cleft lip and palate patients as compared to the compound 
faces of controls. 
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Abstract
Background: Current guidelines for evaluating cleft palate treatments are mostly based on 
two-dimensional (2D) evaluation, but three-dimensional (3D) imaging methods to assess 
treatment outcome are steadily rising.
Objective: To identify 3D imaging methods for the quantitative assessment of soft tissue 
and skeletal morphology in patients with cleft lip and palate.   
Data sources: Literature was searched using PubMed (1948-2012), EMBASE (1980-
2012), Scopus (2004-2012), Web of Science (1945-2012), and the Cochrane Library. The 
last search was performed September 30th, 2012. Reference lists were then hand searched 
for potentially eligible studies. There was no language restriction. 
Study selection: We included publications using 3D imaging techniques to assess facial soft 
tissue or skeletal morphology in patients older than 5 years with a cleft lip with/or without 
cleft palate. We reviewed studies involving the facial region when at least 10 subjects in the 
sample had at least one cleft type. Only primary publications were included.
Data extraction: Independent extraction of data and quality assessments were performed 
by two observers. 
Results:  Five hundred full text publications were retrieved, 144 met the inclusion criteria, 
with 63 high quality studies. There were differences in study designs, topics studied, patient 
characteristics, and success measurements; therefore, only a systematic review could be 
conducted. Main 3D-techniques that are used in cleft lip and palate patients are CT, CBCT, 
MRI, stereophotogrammetry, and laser surface scanning. These techniques are mainly used 
for soft tissue analysis, evaluation of bone grafting, and changes in the craniofacial skeleton. 
Digital dental casts are used to evaluate treatment and changes over time.  
Conclusion: Available evidence implies that 3D imaging methods can be used for 
documentation of CLP patients. No data are available yet showing that 3D methods are 
more informative than conventional 2D methods. Further research is warranted to elucidate 
this. 
Systematic review registration: International Prospective Register of Systematic Reviews, 
PROSPERO CRD42012002041.
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2.1 INTRODUCTION
Patients with cleft lip and palate (CLP) are treated for an extended period of time. 
They often undergo several types of surgery as well as other treatment procedures by 
specialists collaborating with interdisciplinary teams from infancy until adulthood. The 
surgical procedures are necessary to reconstruct the anatomy of the alveolar arch and 
the face, and to restore the functions of the palate, lip muscles, and nose. Although 
treatment improves function and esthetics, it potentially can lead to tissue distortion 
and have a negative effect on craniofacial growth [1]. This may lead to less optimal facial 
esthetics along with negative psychosocial effects on a patient’s well-being [2,3]. 
 Many treatment protocols exist for the management of patients with CLP. 
Therefore, evaluating the results of treatment becomes more and more important. The 
Eurocleft study [4] evaluated treatment outcomes in Europe in the 1990s and recently the 
Americleft study [5,6-9] examined treatment outcome in the US. Both studies proposed 
documentation and record taking for evaluation of treatment outcomes at certain time 
points, while they leave liberty for records at other time points. For record taking it 
appears that the first most complete data records are generally not documented earlier 
than age 5 [4,5]. At this age, some records, especially dental casts, have a predictive value 
for growth and further treatment [10,11].
 It is expected that the majority of cleft palate treatment teams will use newly 
introduced three dimensional (3D) imaging technology to assess their treatment results. 
An increasing number of papers have been published regarding 3D evaluation of facial 
morphology and treatment outcomes in patients with clefts. Pharyngeal space is assessed 
with magnetic resonance imaging (MRI), computed tomography (CT), or cone beam 
computed tomography (CBCT). Results of bone grafting are evaluated with CT or 
CBCT. The jaw relationship, dental and alveolar arch, and the effects of surgery are 
examined with digital models and CBCT. The guidelines derived from Eurocleft, and 
later from Americleft, are still based on two-dimensional (2D) evaluation, except for 
dental casts, which are 3D by nature. Further evaluation may be needed to determine 
whether guidelines are necessary for the newer craniofacial imaging technologies. 
 A recent systematic review [12] about methods to quantify soft-tissue based facial 
growth and treatment outcomes in children younger than 6 years of age concluded 
that stereophotogrammetry seems to be the best method to longitudinally assess facial 
growth in these children. Studies on infants with CLP using 3D imaging techniques 
have been performed mainly to evaluate lip changes after surgery [13-15] and the effect of 
nasoalveolar molding [16].
 A systematic review of existing 3D technologies for assessing treatment 
outcome in patients with CLP would provide clues for evaluating treatment effects and 
planning, as well as a comparison of treatment possibilities. Therefore, the objective of 
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this systematic review was to identify 3D imaging methods that enable a quantitative 
analysis of facial soft tissues, velopharyngeal function and airway, skeletal morphology, 
and dentition in patients with cleft lip and palate.
2.2 METHODS
2.2.1 Protocol and registration
Inclusion criteria and methods of analysis were specified in advance and registered as a 
protocol in the International Prospective Register of Systematic Reviews, PROSPERO 
(http://www.crd.york.ac.uk/Prospero/). The registration number is: CRD42012002041. 
2.2.2 Eligibility criteria
Primary publications eligible for inclusion were those using 3D imaging techniques for 
assessing facial soft tissue or skeletal morphology in CLP patients. Further inclusion 
criteria were 1) cleft lip with or without cleft palate; 2) sample size larger than 10 for 
at least one cleft type; 3) patients 5 years of age or older; and 4) publications with 
quantitative assessment. Patients 5 years and older were included, because it appears that 
the first most complete data records are generally not documented earlier than age 5 [4,5]. 
Exclusion criteria were: 1) craniofacial syndromes; 2) imaging only of neurocranium; 
3) injury and trauma; 4) use of only 2D imaging techniques; and 5) reviews, expert 
opinions, letters, and case reports.  
No restrictions were made for language, publication date, and publication status.
2.2.3 Information resources
To identify publications, literature was searched until September 2012 using PubMed 
(1948-2012), EMBASE (1980-2012), Scopus (2004-2012), Web of Science (1945-
2012), and the Cochrane Library. The last search was performed September 30th, 2012. 
Reference lists of identified manuscripts were then hand searched for potentially eligible 
studies. Digital full text publications were retrieved from licensed digital publishers and 
paper publications were retrieved from the university library. Authors were contacted 
when publications could not be retrieved. Gray literature was not searched.
2.2.4 Search strategy
A search strategy and list of terms were developed and databases were selected with 
the help of a senior librarian specialized in health sciences. Medical subject headings 
and text words in the title and abstract were used for the search strategy in PubMed 
(Table 2.1) and search strategies for other databases were derived from this approach.
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Table 2.1: 
PubMed search strategy.
(((((((((4D[tiab] OR 4-dimensional[tiab])) OR (Four Dimensional Computed Tomography[tiab]))) OR 
(((((Tomography, X-Ray Computed[Mesh] OR Tomography, X-Ray Computed[tiab])) OR (Computed 
Tomographic[tiab] OR CT[tiab] OR volumetric CT[tiab])) OR (Cone Beam Computed Tomography[tiab] 
OR CBCT[tiab] OR Spiral Cone Beam Computed Tomography[tiab])) OR (Four Dimensional 
Computed Tomography[tiab]))) OR (((Photogrammetry[Mesh] OR Photogrammetry[tiab])) OR 
(stereophotogrammetr*[tiab]))) OR (((((computed tomography[tiab])) OR (computer assisted 
tomography[tiab]))) OR (((((Tomography, X-Ray Computed[Mesh] OR Tomography, X-Ray Computed[tiab])) 
OR (Computed Tomographic[tiab] OR CT[tiab] OR volumetric CT[tiab])) OR (Cone Beam Computed 
Tomography[tiab] OR CBCT[tiab] OR Spiral Cone Beam Computed Tomography[tiab])) OR (Four Dimensional 
Computed Tomography[tiab])))) OR (((Magnetic Resonance Imaging[Mesh] OR Magnetic Resonance 
Imaging[tiab] OR Magnetic Resonance Image[tiab] OR Magnetic Resonance Images[tiab])) OR (MRI[tiab]))) 
OR (((((Imaging, Three-Dimensional[Mesh] OR Imaging, Three-Dimensional[tiab])) OR (3D[tiab] OR three 
dimensional[tiab])) OR (3D[tiab] AND (image[tiab] OR images[tiab] OR imaging[tiab]))) OR (3D image[tiab] 
OR 3D images[tiab] OR 3D imaging[tiab]))) AND ((((cleft lip[Mesh] OR cleft lip[tiab])) OR (cleft palate[Mesh] 
OR cleft palate[tiab])) OR ((((CLP[tiab])) OR (UCLP[tiab])) OR (BCLP[tiab])))
The terms used in the search strategy were:
1. Concerning cleft lip and palate: Cleft lip, cleft palate, CLP, UCLP, BCLP
2. Three dimensional: Imaging three-dimensional, 3D, three dimensional, image, 
images, imaging, 3D image, 3D images, 3D imaging 
3. CT: Tomography, X-ray computed, computed tomographic, CT, volumetric CT, 
computed tomography, computer assisted tomography
4. CBCT: Cone beam computed tomography, CBCT, spiral cone beam computed 
tomography
5. Photos: Photogrammetry, stereophotogrammetr* 
6. MRI: Magnetic resonance imaging, magnetic resonance image*, MRI
7. 4D: 4D, 4-dimensional, four dimensional computed tomography
8. Ultrasound: Ultrasonography, echography
The title and abstract of studies were first independently screened by two reviewers 
(YC and MK). The reviewers were chosen based on their experience of 3D-techniques 
and cleft lip and palate treatment. Disagreements were resolved by discussion and 
consensus.  After review of only the abstracts, they were scored as “included”, “excluded”, 
or “unclear”.  Then, the full text was retrieved for included articles and articles with 
unclear abstracts.  Full text assessments were performed independently by the same two 
reviewers.  Disagreements were resolved by discussion and consensus. All studies were 
categorized by the method of imaging used.
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2.2.5 Quality assessment
The included studies were evaluated according to the quality assessment instrument 
used by Gordon et al [17]. This instrument includes an assessment of study bias and 
criteria, as shown in Table 2.2. Two reviewers utilized the quality assessment instrument 
(QAI) independent of each other (MK and YC). After that, disagreements were resolved 
by discussion and consensus. When no consensus could be reached, a senior researcher 
(PF) experienced with this QAI and also familiar with cleft lip and palate treatment 
made the final decision.
 A checkmark was scored when a criterion was fulfilled. Depending on the 
study design, a maximum of 15 criteria could be scored. When certain criteria were not 
applicable for the study design, less than 15 criteria were scored and the non-applicable 
criteria were not used for assessing the overall study quality. Study quality was expressed 
as the number of criteria fulfilled divided by the total number of applicable criteria 
multiplied by 100. The studies were grouped according to the method of imaging. In 
cases where criteria were not applicable to the study design, the scoring was marked with 
a dot. Arbitrarily, a cut-off of 60% or higher was graded (after evaluation of the data) as 
good quality and below 60% was graded as poor quality [18].
Table 2.2: 
Quality assessment instrument (Gordon JM, Rosenblatt M, Witmans M, Carey JP, Heo G, Major PW, et al. Rapid 
palatal expansion effects on nasal airway dimensions as measured by acoustic rhinometry.  
A systematic review. Angle Orthod. 2009;79(5):1000-1007). The maximum number of ۷s = 15.
I. Study design (7 ۷)
A. Objective—objective clearly formulated (۷)
B. Sample size—considered adequate (۷)
C. Sample size—estimated before collection of data (۷)
D. Selection criteria—clearly described (۷)
E. Baseline characteristics—similar baseline characteristics (۷)
F. Timing—prospective (۷)
G. Randomization—stated (۷)
II. Study measurements (3 ۷)
H. Measurement method—appropriate to the objective (۷)
I. Blind measurement—blinding (۷)
J. Reliability—adequate level of agreement (۷)
III. Statistical analysis (5 ۷)
K. Dropouts—dropouts included in data analysis (۷)
L. Statistical analysis—appropriate for data (۷)
M. Confounders—confounders included in analysis (۷)
N. Statistical significance level—P value stated (۷)
O. Confidence intervals provided (۷)
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2.2.6 Statistics
Cohen’s kappa statistics were used to assess the inter-observer reliability of the selection 
of articles based on the full text. The inter-rater reliability of the quality assessment 
was calculated using kappa statistics on 23 randomly selected articles scored by two 
reviewers (MK and YC).  The strength of agreement was defined according to Landis 
and Koch [19]: poor (kappa <0.20), fair (kappa = 0.21-0.40), moderate (kappa = 0.41-
0.60), good (kappa = 0.61-0.80), and very good (kappa = 0.81-1.00). Fisher’s exact test 
was performed to test for differences in quality between groups of methods with a cut-
off score of 60% for the QAI.  SPSS version 19.0 was used.
2.3 RESULTS 
2.3.1 Study selection
The inter-observer kappa for the reliability of study selection based on the full text 
was 0.76, which qualified as good [19]. The searches in PubMed, EMBASE, Cochrane 
Library, Web of Science, and Scopus yielded a total of 4727 citations and the hand 
search provided no additional publications.  After adjusting for duplicates, the title 
and abstract of 2297 citations were screened. After this screening, 1797 articles were 
excluded because they did not meet the inclusion criteria. The full text was assessed for 
the 500 remaining articles.  All of these articles were retrieved. All, except 2,  articles were 
available in e-journals. Two articles were retrieved by contacting the author. Reasons for 
excluding studies after full text assessment were: different anatomical region; articles 
were letters, opinions, or reviews; and the studies applying finite element models.  A 
total of 144 studies met the inclusion criteria. The PRISMA flow diagram is shown in 
Figure 2.1.  Of the 144 included studies for this review, 49 used CT as a 3D imaging 
modality, 23 used CBCT, 21 studies involved 3D stereophotogrammetry, 26 studies 
used laser surface scanning (including n=5 3D digital dental casts), 7 used MRI, and 
another method of 3D analysis was used in 18 studies [10,11,20-159]. 
2.3.2 Quality Assessment of Studies
The inter-rater reliability for all 15 criteria of the QAI were between -0.42 and 1 (inter-
observer kappa). The kappa’s for the different criteria (A to O) were: A=1; B=0.76; C=1; 
D=0; E=0.39; F=0.60; G=0.52; H= -0.42; I=0.28; J=0.48; K=0.64; L=0.34; M=0.67; 
N=0.73; and O=0.46. Eight of 15 criteria had a kappa of 0.50 or higher.  The inter-
rater reliability for criteria D (selection criteria clearly described) and H (measurement 
method appropriate to the objective) were below 0.20 with the reviewers disagreeing on 
3 out of 23 articles.
 The assessment of the methodological quality of all reviewed studies resulted 
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in scores ranging from 8% to 92%.  Of the 144 included studies, n=63 (43.8%) 
qualified as good according to a methodological quality score ≥ 60% (Tables 2.3 to 
2.8).  Complete score summaries for the different imaging techniques are shown 
in the supporting information  on the website of PLoS One (Tables S1 to S6) 
(http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0093442#s5).
 Fisher’s exact test (p=0.232) showed no statistically significant difference in the 
number of studies with good methodological quality among the groups of methods. 
The numbers of good (score ≥ 60%) and low quality studies were comparable for each 
method.
Figure 2.1: 
PRISMA flow chart of the study selection process (From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA 
Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. 
PLoS Med 6(6): e1000097).
From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097 
 
For	more	information,	visit	www.prisma-statement.org. 
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CT scanning was the most commonly applied method for 3D imaging of the head 
in patients with clefts (N=49 studies; Table 2.3 and Table S1) [20-68]. CT scanning was 
mainly used to evaluate the results of bone grafting of the alveolar cleft. In addition, the 
technique was utilized to evaluate bone formation in the palatal cleft, nasal and sinus 
deformities, and the effects of surgery on the maxilla. The mean methodological score 
was 54% (range 25 77%). Sixteen (32.7%) of 49 studies [22,30,33-35,41,46,48,51,53,56-58,61,64,66] 
had a good methodological quality (score of 60% or higher) and the highest score was 
77%. 
CBCT (N= 23 studies; Table 2.4 and Table S2) was also used to evaluate the results of 
bone grafting and to assess the amount of bone needed [69-91]. Yet, in the majority of the 
studies other structures were also assessed such as the pharyngeal airway, canines, alveolar 
bone adjacent to the cleft, mandible, and nasal morphology. The mean methodological 
score was 58% (range 18-85%). Of all 23 studies, N=11 (47.8%) had a good quality 
score with the highest score being 85% [73-75,77-79,81,84,85,89,91].  
MRI (N=7 studies; Table 2.5 and Table S3) was utilized for speech assessments. The 
velopharyngeal space before and after palatal repair was studied as well as mobility of the 
lateral pharyngeal wall and the velum [92-98]. The mean methodological score was 40% 
(range 8-69%). The highest quality score was 69% and two studies (28.6%) had good 
methodological quality [97,98].
Thirteen (61.9%) [100,103,105,107-111,113,114,116,118,119] of the 21 studies [99-119] using 
stereophotogrammetry (Table 2.6 and Table S4) had good quality methodological 
scores and 92% was the highest score. The mean methodological score was 64% (range 
30-92%). Stereophotogrammetry was used for asymmetry assessment of the face, nose, 
and lips as well as for soft tissue changes after bone grafting or treatment with a Delaire 
protraction appliance.  It was also used for treatment evaluation of lip repair.
Laser surface scanners (N=24; Table 2.7 and Table S5) were used for scanning faces 
to assess asymmetries and to evaluate changes of the nose, lips, and facial soft tissue 
before and after surgery [10,11,120-141]. They were also used to reconstruct digital dental 
models. The dental models were then used to study palatal morphology and dental arch 
relationships. Ratings of the dental arch relationship on the 3D models were compared 
with ratings on plaster casts and on 2D pictures to evaluate if digital dental models can be 
used for inter-center studies concerning treatment outcome. The mean methodological 
score was 58% (range 23-78%).  Eleven (45.8%) of 24 studies [10,11,122-125,129-131,140,141] had 
a good methodological quality and the highest score was 78%.
Chapter 2
36
Various other methods (Table 2.8 and Table S6) were used that provide 3D coordinates 
of anatomical structures [142-159], like structured lights to create Moiré patterns, reflex 
microscopy, electromagnetic digitizers, and video tracking. Several studies evaluated 
palatal morphology, other studies looked at facial asymmetry, nasal asymmetry, and 
nasal and lip esthetics. One study measured the effect of naso-alveolar molding on the 
nose [144]. The mean methodological score was 62% (range 36-75%).  The highest quality 
score in this group was 75% and nine of 18 studies (50%) had a good methodological 
quality [143,148,153-159].
2.3.3 Reliability
Scores for reliability and measurement errors of the studies with good methodological 
quality (score ≥ 60%) are shown in Table 2.9. The majority of the studies reported inter- 
and intra-rater reliability and the methods used to assess these factors were appropriate 
for the measurements performed. However, the magnitude of the random error was 
reported only in a minority of studies.
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2.4 DISCUSSION
A wide variety of different 3D imaging techniques and evaluation methods are used for 
the craniofacial skeleton and surrounding soft tissues. Below, we discuss the results of this 
systematic review concerning the 3D techniques for facial soft tissues, velopharyngeal 
function and the airway, the craniofacial skeleton, and dentition.
2.4.1 Soft tissue analysis
The majority of the studies concerning soft tissues that had a methodological quality ≥ 
60% were performed with laser surface scanning (Table 2.6) or stereophotogrammetry 
(Table 2.7). However, only a few studies reported the magnitude of the measurement 
error (Table 2.9). The maximum reported error for soft tissue measurements with 3D 
stereo-photogrammetry and laser surface scanning was 0.55 mm [109]. Bilwatsch [155] and 
Stauber [156] used an optical 3D sensor to acquire facial surface data (Table 2.8) and they 
reported a measurement error < 1 mm. Only one study reported a measurement error 
for volume measurements of the nose, with a maximum of 147.40 mm3 [111]. 
 Based on the measurement errors in the good quality studies, laser surface 
scanning and 3D stereophotogrammetry seem to be reliable methods for quantitatively 
measuring asymmetry and 3-dimensional changes in soft tissues after treatment. For 
qualitative scoring of asymmetry and esthetics using an expert panel, it is necessary to 
familiarize the panel members with 3D stereophotogrammetrical images prior to the 
scoring task [103]. Dynamic 4D assessment of soft tissues is able to register functional 
repair of these tissues, but this technique still is in its infancy as only 1 high quality study 
was found [158].
2.4.2 Velopharyngeal function and the airway
CT and CBCT were used to assess the bony structures of the nose and development 
of sinuses. Some CBCT and CT studies examined the distances and volumes of the 
pharyngeal airway space [28,60,82,90].  None of these studies had a high quality score; 
therefore, we are not able to draw conclusions on the value of CT and CBCT for 
measuring the airway space in CLP. In two high quality studies, MRI was used to 
evaluate velopharyngeal function at rest and during phonation, but the random error was 
not reported [97,98]. This may indicate that MRI is an adequate, although expensive, 
technique for measuring the space and motion of the pharyngeal airway. 
2.4.3 Craniofacial skeleton
CT and CBCT are mainly used for planning orthognathic surgery before and after 
treatment and for assessing anatomical differences in the nose [47,56,79,81,85]. These 
techniques are also used for treatment planning and measuring the results of bone 
grafting [30,33-35,46,64,73,75,77,78,89]. Most studies report that no systematic measurement error 
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was present, but the magnitude of the random error was hardly ever reported.
 CBCT is a recent radiological technique that became more widely available 
for imaging the craniofacial region after 2005. CT, which has a much higher radiation 
dose, was the most commonly used technique for 3D-imaging before CBCT. The 
SEDENTEXCT Consortium stated, in regards to the radiation dose, that “the 
application of CBCT in cleft lip and palate patients was found to be the simplest to 
support’’ in dentistry [160]. They further stated that CBCT may be preferred in situations 
where CT scanning is currently used for the assessment of cleft lip and palate. The few 
studies concerning CT or CBCT that reported the reliability showed an acceptable 
measurement error for both techniques. Therefore, CBCT imaging could be the 
preferred method for assessing bone volume, as well as for surgical planning, since it has 
a lower radiation dose than CT scanning. However, further investigation is necessary 
to determine the influence of this 3D facial imaging modality on treatment planning, 
treatment outcome, and treatment evaluation.
2.4.4 Dentition
Laser surface scanning, CT, CBCT, or moiré photography are used for reconstruction of 
digital dental casts from plaster casts or from scanning of the impressions [10,11,41,66,84,130,140-
142,153,154,157]. The majority of these studies reported good reliability. Some studies 
compared digital models, plaster models, and 2D photographs to assess if digital models 
can be used to assess outcome and future treatment expectations with the GOSLON 
yardstick or the 5-year olds’ index [84,140,141]. When overlooking the measurement errors 
in the high quality studies, it seems that digital models obtained with the aid of 3D 
imaging are a valid alternative for plaster models when assessing treatment outcome 
with a yardstick as well as for assessment of arch width and palatal morphology. 
 The dentition has also been studied with CT and CBCT. The bone height 
of teeth next to the bone graft, eruption, and dental abnormalities have been studied 
[77,79,91] and good reliability was reported. Although the SEDENTEXCT statement [160] 
includes CLP as one of the few justified reasons for a CBCT in dentistry, there are 
currently no studies confirming that changes in the diagnosis lead to better treatment 
planning or outcome in CLP patients when three-dimensional X-rays were used instead 
of 2D X-rays [18,160]. Therefore, the cost-benefit of 3D radiology in this situation should 
be considered.
2.4.5 Limitations of this systematic review
The methodological quality of the selected articles was assessed according to a scoring 
system repeatedly used in systematic reviews in orthodontics, which was originally 
developed by Lagravere [161] and later adapted by Gordon [17]. The method is mainly used 
for assessing the quality of prospective randomized studies. Only 63 out of 142 studies 
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qualified as being of good methodological quality. The studies were mostly retrospective 
with relatively small sample sizes and often used descriptive outcome variables. Some 
criteria used for this study (Table 2.2), such as the estimation of appropriate sample 
size before data collection (C), prospective study design (F), randomization (G), and 
blinding (I), which are all crucial criteria for high quality studies, were rarely scored as 
being fulfilled satisfactorily in our systematic review. This was partly due to the selected 
patient populations, which make blinding as well as randomization difficult. These were 
limitations inherent to the scoring system used. Yet, we decided to use this scoring 
system for the assessment of methodological quality of non-randomized studies [162] as 
at the time of this systematic review there was no other obvious candidate for assessing 
these type of studies [162]. Other quality assessment instruments, like the Newcastle-
Ottawa scale [162] or Jadad scale [163,164], used for retrospective studies produce highly 
arbitrary results [162,163]. There is still a need for a validated quality assessment instrument 
that is applicable for a wide range of study designs. 
 The range of inter-observer kappa values for the quality assessment score was 
-0.42 to 1.0, indicating strengths of agreement from extremely poor to almost perfect. 
The low kappa values for criteria D (selection criteria) and H (measurement method) 
in the quality assessment can be explained by the kappa value being influenced by trait 
prevalence. A single disagreement in scoring between two observers could determine 
whether the kappa value is 1.0 or 0.0. The absence of adequate instructions for the QAI 
may lead to different interpretations of the data. In addition, difficulties in interpretation 
of the data due to its presentation and a lack of information concerning methodology in 
the published papers may explain the wide range in inter-rater kappa scores.  
2.5 CONCLUSIONS
CT, CBCT, MRI, stereophotogrammetry, and laser surface scanning are the most 
frequently used 3D techniques in cleft lip and palate patients. These techniques are 
mainly used for soft tissue analysis, evaluation of bone grafting, and changes in the 
craniofacial skeleton. MRI seems to be a reliable, although expensive method to 
determine velopharyngeal function. Digital dental casts are used to evaluate treatment 
and changes over time. 
 Available evidence implies that 3D imaging methods can be used for 
documentations of CLP patients. However, there is no data yet showing that 3D methods 
are more informative than conventional 2D methods. Further research is warranted to 
elucidate this and to enable the development of new guidelines for documentation and 
record taking in cleft lip and palate patients.
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2.6 SUPPORTING INFORMATION
Table S1 Methodological quality scores of CT studies.
https://doi.org/10.1371/journal.pone.0093442.s001
Table S2 Methodological quality scores of CBCT studies. 
https://doi.org/10.1371/journal.pone.0093442.s002
Table S3 Methodological quality scores of MRI studies. 
https://doi.org/10.1371/journal.pone.0093442.s003
Table S4 Methodological quality scores of stereophotogrammetry studies. 
https://doi.org/10.1371/journal.pone.0093442.s004
Table S5 Methodological quality scores of laser surface scanning studies. 
https://doi.org/10.1371/journal.pone.0093442.s005
Table S6 Methodological quality scores of other studies. 
https://doi.org/10.1371/journal.pone.0093442.s006
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Abstract
Background: There is an increase in 3D radiology for treatment planning in cleft palate 
patients, but findings outside the field of interest seem to be overlooked.
Objectives: Cone beam computed tomography (CBCT) is frequently used in treatment 
planning for alveolar bone grafting (ABG) and orthognathic surgery in patients with cleft 
lip and palate (CLP). CBCT images may depict coincident findings. The aim of this study 
was to assess the prevalence of incidental findings on CBCT scans in CLP patients.  
Subjects and methods: Initial CBCTs taken of consecutive patients (n=187, mean age 11.7 
years, range 6.9-45) with a non-syndromic orofacial cleft from January 2006 until June 2012 
were systematically evaluated. 28 patients (mean age 19.3 years, range 13.2–30.9) had been 
subjected to ABG before their first CBCT was taken, 61 patients had a CBCT before and 
after ABG. Sinuses, nasopharynx, oropharynx, throat, skull, vertebrae, temporomandibular 
joint (TMJ), maxilla and mandible were checked for incidental findings. 
Results:  On 95.1% of the CBCTs incidental findings were found. The most prevalent 
were airway/sinus findings (56.1%), followed by dental problems, e.g., missing teeth 
(52%), nasal septum deviation (34%), middle ear and mastoid opacification, suggestive for 
otitis media (10%) and (chronic) mastoiditis (9%), abnormal TMJ anatomy (4.9%) and 
abnormal vertebral anatomy (1.6%). In the 28 patients whose first CBCT was taken at least 
2 years after ABG, bone was still present in the reconstructed cleft area except in 2 out of 
12 patients with a bilateral CLP. The ABG donor site (all bone grafts were taken from the 
chin area) was still recognizable in over 50% of the patients. Based on the CBCT findings, 
10% of the patients was referred for further diagnosis, 9% for further treatment related to 
dental problems. 
Conclusion: Incidental findings are common on CBCTs. Compared with the literature CLP 
patients have more dental, nasal and ear problems. Thus, whenever a CBCT is available, 
this scan should be reviewed by all specialists in the CLP team focusing on their specific 
background knowledge concerning symptoms and treatment of these patients.
Clinical relevance: The high number of findings indicates that CBCT imaging is a helpful 
tool in the treatment of CLP patients not only related to alveolar bone grafting and 
orthognathic surgery, but it also provides diagnostic information for almost all specialties 
involved in CLP treatment.
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3.1 INTRODUCTION
Cone beam computed tomography (CBCT) was introduced in dentistry in 1997. Since 
then, CBCT has found its way for various applications within the dental field. Planning 
for implant treatment seems to be the major reason for CBCT scanning [1-3] followed 
to a lesser extent by temporomandibular joint (TMJ) diagnostics, suspicion of oral or 
dental pathology, orthodontics, planning of orthognathic and maxillofacial surgery [4] 
and impaction of teeth. Though it is expected that cleft lip and palate (CLP) patients 
could be subjected to a CBCT scan at some point during their treatment, no study has 
been published yet on incidental findings on CBCT in this particular group of patients. 
CLP patients may get a CBCT for planning an alveolar bone graft procedure (ABG) 
as well as for planning orthognathic surgery. CLP patients concern a relatively young 
group of patients known to have more ear, nose, and throat (ENT) problems [5-8] 
than children without clefts, because of different anatomy of Eustachian tubes, soft 
palate muscles and nose. This different anatomy gives rise to middle ear disease, nasal 
breathing and speech problems [5, 6, and 8]. Furthermore, the prevalence of dental 
anomalies (agenesis, supernumerary teeth) is higher in CLP patients compared to a non 
cleft population [9-11].
 Recently, several studies have been published about incidental findings on 
CBCTs [1-3, 12 17]. Though differences exist between the reasons patients were referred 
for, the applied field of view (FOV) and age of the included subjects, the various studies 
[1, 3, 12, 13, and 15] show that the percentage of incidental findings can be high. All 
these studies state that dentists, orthodontists and maxillofacial surgeons should study 
the CBCTs beyond the reason for which the patient is referred, which even may exceed 
their field of expertise. 
 Full evaluation of all structures within the FOV is obligatory according 
to American and European radiology guidelines [18, 19]. Because of the increased 
application of CBCT in dentistry, the SEDENTEXCT project (www.sedentexct.eu) 
was started to develop guidelines, which provide evidence and provide training for 
CBCT use in dentistry. According to the SEDENTEXCT guidelines, the justified use 
for CBCT in dentistry is limited, because in many situations, clinical evaluation and 
conventional 2D radiology can give as much information. However, for orthognathic 
surgery and CLP treatment, the use of a CBCT is justified. Whilst in the latter patients, 
the use of Multi Slice CT scanning (MSCT) was not uncommon; nowadays, CBCT is 
preferred because of the lower radiation dose. 
 In the CLP Centre of the Radboud University Nijmegen Medical Centre, 
CBCT scanning is routinely performed in the planning phase for the bone graft 
procedure of the alveolar cleft and for evaluation of the bone graft result (around age 
9-12) as well as for the orthognathic surgery planning in these patients. As CLP team 
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members are inclined to look at their primary field of interest, the aim of this study was 
to assess the occurrence of incidental findings on CBCT performed in CLP patients. 
This information will be helpful in developing guidelines for reading a CBCT scan in 
CLP patients.
3.2 MATERIALS AND METHODS
3.2.1 Patients
All consecutive first CBCTs of patients with non-syndromic orofacial clefts (n=187, 65 
girls, 122 boys), taken between 2006 and June 2012, were systematically evaluated. The 
CBCTs were made with the i-CAT® 3D imaging system (Imaging Sciences International 
Inc, Hatfield, PA, USA). The reason for the CBCT was planning of the alveolar bone 
graft procedure or orthognathic surgery. The study population (n=187 patients; mean 
age 11.7±5 years, range 6.9-45) consisted of 33 patients with unilateral cleft lip and 
alveolus (UCLA); 86 with unilateral cleft lip, alveolus and palate (UCLP); 37 with 
bilateral cleft lip, alveolus and palate (BCLP) and 31 with other types of clefts (cleft 
lip, isolated cleft palate, submucous cleft palate). Of these 187 patients, 28 patients 
(mean age 19.3±4.4 years, range 13.2–30.9) had already been subjected to an ABG 
before their first CBCT was taken. Sixty-one patients had a first CBCT before alveolar 
bone grafting (ABG) and a second one 1 year after ABG. For these patients, the CBCT 
before and after the ABG were analyzed. In total, 248 CBCTs were scored. The research 
was conducted in accordance with the Helsinki Declaration with regard to research in 
human subjects. Approval from the Institutional Review Board was obtained.
3.2.2 Radiographic assessments
All CBCTs were analyzed with InVivo Dental software (Anatomage 5, Inc San Jose, 
CA, USA) on a 21-in. NEC MultiSync LCD 2190UXp monitor with a resolution of 
1,600×1,200 pixels (NEC Corp., Tokyo, Japan). The CBCTs were evaluated according 
to a standardized protocol, in which all structures were screened in the same order 
(anatomical areas): (1) frontal, ethmoid, sphenoid and maxillary sinuses; (2) nasopharynx, 
oropharynx, hypopharynx; (3) skull, cervical spine; (4) temporomandibular joint 
(TMJ); (5) maxilla and (6) mandible. All findings seen on a CBCT were scored. In cases 
of patients who had been subjected to the ABG procedure, the bone graft was assessed 
as “bone present” or “bone not present’’. Findings were only based on the CBCT, scored 
and described, and not driven or rectified by clinical observations. After the study, all 
findings were reported to and verified with the relevant specialist in the CLP team.
 All CBCTs were screened independently by two observers (MK and AP) who 
have a different field of expertise covering the entire field of view. Therefore, their 
readings were combined, and the final decision on the presence of incidental findings 
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for each image was made in consensus. We repeated the same procedure 2 weeks later 
on a random sample of 27 CBCT images to determine the intraobserver reliability.
3.2.3 Statistics
Descriptive statistics were used to describe the occurrence of incidental findings. Chi-
square tests were used to test if there were differences between the three distinct types of 
clefts with the largest sample size, i.e. UCLA (n=33), BCLP (n=37) and UCLP (n=86). 
Chi-square tests were also used to assess any seasonal correlations for sinus and ear 
findings.
 To check for consistency in evaluating CBCTs, kappa statistics were used to 
measure intraobserver agreement [20]. 
3.3 RESULTS
3.3.1 Error of the method
Intraobserver reliability was good for the sinuses (κ=0.77), fair to very good for the 
nasophayrnx, oropharynx and throat (κ=0.46–1), very good for skull and cervical spine 
(κ=0.91-1), and moderate (κ=0.48) for the TMJ. Intraobserver reliability kappa for the 
maxilla ranged from 0.71-1, stating good intraobserver reliability. Reliability for the 
mandible was moderate to very good (κ=0.54–1).
3.3.2 General findings
On 95.1% of the CBCTs, incidental findings were found. When excluding dental 
problems (agenesis, impaction, supernumeraries, caries) incidental findings were still 
found on 84.5% of the CBCTs. Except for the number of pharyngoplasties, there were 
no significant differences in number and type of findings on CBCTs made in UCLA, 
UCLP and BCLP patients. The majority of all findings were in the sinuses. No seasonal 
correlation was observed for sinuses and ears (p=0.64 and p=0.73, respectively). 
 Forty-seven patients had findings in only one anatomical areas, 59 patients 
in two, 52 patients in three, 17 patients in four, 1 patient in five and 2 patients in all 
anatomical areas as categorized by the screening protocol. 
 
3.3.3 ENT
Most incidental findings were related to the sinuses, of which 56.1%, mainly consisting 
of different types of mucosal thickening (polipoid, flat, air-fluid levels; Table 3.1). 
Further findings in the sinuses were one patient with signs of chronic maxillary sinusitis 
with alteration of bone and three patients with a hypoplastic maxillary sinus on one side 
together with an enlarged orbit on the same side. Three patients had mucosal thickening 
in all sinuses, suggestive for pansinusitis (Figure 3.1).
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Table 3.1: 
Incidental findings with regard to sinuses (n=187 CBCTs). Sinuses were scored when included in the FOV. The 
number between brackets indicates the number of CBCTs in which the particular sinus was included in the FOV. 
Mucosal changes were quantified as flat, polipoid and occupying >80% of the sinus. Furthermore, air-fluid levels 
were noted.
Frontal sinus
(n=166) 
Sphenoidal sinus 
(n=174) 
Ethmoid sinus 
(n=171)
Maxillary sinus 
(n=187)
Sinus not developed yet 18 (10.8%) 4 (2.3%) 0 0
Flat 1 (0.6%) 8 (4.6%) 47 (27%) 73 (39%)
Polipoid 0 1(0.57%) 0 58 (31%)
Mucosal thickening >80% 9 (5.4%) 8 (4.6%) 5 (2,9%) 13 (7%)
Air-fluid level 4 (2.4%) 0 0 6 (3.3%)
Figure 3.1: 
CBCT images (coronal and sagittal) demonstrating pansinusitis involving sphenoid, ethmoid and maxillary sinuses.
Figure 3.2: 
CBCT images (axial and coronal) showing middle ear opacification, suggestive for otitis media with effusion on the 
left side (arrow).
Incidental findings on cone beam computed tomography scans in cleft lip and palate patients
69
C
ha
pt
er
 1
C
ha
pt
er
 2
C
ha
pt
er
 3
C
ha
pt
er
 4
C
ha
pt
er
 5
C
ha
pt
er
 6
C
ha
pt
er
 7
C
ha
pt
er
 8
C
ha
pt
er
 9
C
ha
pt
er
 1
0
Concerning the nasal cavity, 65 patients had a septum deviation (34%, of which 5% 
severe), 6 a concha bullosa (inflamed in one patient). One patient had a unilateral choanal 
atresia. Four patients had enlarged tonsils. Eighteen out of 176 (10%) patients had 
middle ear opacification, suggestive for otitis media (Figure 3.2), and 9% had mastoid 
opacification suggestive for (chronic) mastoiditis. Middle ear ossicles were not present in 
one patient. Eighty-seven (49%) patients had been treated with a pharyngoplasty; this 
treatment was significantly more performed in patients with BCLP and UCLP than in 
UCLA (p=0.00). 
3.3.4 Skull and cervical spine
Seven patients had a persistent metopic suture. In three (1.6%) of all patients, fused 
vertebrae were observed, and in three (1.6%) of the patients, the atlas did not have a 
normal shape. One patient had a remarkable size difference between the right and left 
zygomatic arch. 
3.3.5 Temporomandibular joint
In 13 (4.9%) of all patients, the mandibular condylar head was either remarkably smaller 
condyle or a flattened compared to the other side.
3.3.6 Maxilla and mandible
The hard palate showed a bony cleft in seven patients, who were clinically diagnosed 
as having a UCLA or a cleft of the soft palate and not a (submucosal) cleft in the 
hard palate. With regard to the dental component, 52% of the patients missed some 
permanent teeth of which the majority was the lateral incisors (43.8%). Then, 11.2% 
of the patients had supernumerary teeth. For the other incidental maxillary findings, see 
Table 3.2 (Figure 3.3).
 Main findings in the mandible were agenesis and other dental problems 
(Table 3.3). With regard to other findings, two patients had a striking size difference 
between the left and right ramus. In these two patients, also the mandibular condyle 
had an abnormal shape which suggested a hemifacial microsomia. For both maxilla and 
mandible, periapical and periodontal problems only concerned patients older than 17 
years of age.
3.3.7 Soft tissue
One patient had a calcification in the cheek at the area of the parotid gland, which could 
be suggestive for a trauma or a rudimentary ear.
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Table 3.2: 
Number of dental findings in the maxilla (187 CBCTs). Periodontal and periapical problems were only seen in the 
few older patients included in this study; therefore, the age of the patients with these conditions is mentioned.
Dental findings UCLA
N=33
UCLP
N =86
BCLP
N =37
Other types 
of clefts
N =31
Total 
N =187
Localized periodontal problem 3 4 7 (>17 y)
Generalized periodontal problem 1 1 (45 y)
Periapical problems 1 1 (28 y)
Impaction incisor 1 1 2 4
Impaction canine 1 1 1 3
Impaction premolar 2 2
Missing lateral incisor 21 36 18 1 78
Missing central incisor 3 3
Missing central incisors and laterals 1 3 4
Missing premolars 5 5
Missing incisors and premolars 2 2 5
Missing > 5 teeth 1 2 3
Supernumerary 7 7 4 3 21
Caries 1 3 2 6
Short roots 1 1 2 4
Peg shaped incisors 1 4 3 8
Fusion incisors 1 1
Odontoma 1 1
Incidental findings on cone beam computed tomography scans in cleft lip and palate patients
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Table 3.3: 
Number of dental findings in the mandible (187 CBCTs). Periodontal and periapical problems were only seen in 
the few older patients included in this study; therefore, the age of the patients with these conditions is mentio-
ned.
UCLA
N=33
UCLP
N =86
BCLP
N =37
Other types 
of clefts
N =31
Total 
N =187
Localized periodontal problem 1 1 2 (>27y)
Generalized periodontal problem 1 8 (45y)
Impaction (canine) 1 1 2
Missing premolars 1 5 7 1 14
Missing incisors 1 1 2
Missing >5 teeth 2 2
Caries 3 2 3 3 11
Shortening of roots 1 1 2
Right/left ramus difference  1 8 2 2 13
Recognizable donor area 2 7 5 1 15
Opacity chin 1 6 1 8
Lingual pit chin area 4 1 1 2 8
Enostosis 1 3 1 5
Figure 3.3: 
CBCT images (axial, coronal and sagittal) in a patient with a radiopacity, suggestive for an odontoma in the maxilla 
(arrow) enostosis in the mandible (blue arrow). As the clinicians to whom this radiopacity was reported did not 
explore both radiopacities, a final histopathological diagnosis cannot be provided.
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3.3.8 CBCT before and after ABG
Concerning the ABG procedure, in the 28 patients who had been subjected to ABG 
before the first CBCT was made, in 26 (92.9%) of them, sufficient bone was still present 
(for the patients in whom a CBCT before and after ABG was made, see below). Two 
bone grafts had failed. In all patients, bicortical bone grafts had been taken from the chin 
area. The mandibular donor site was still recognizable in 54% (15/28) of the patients at 
the time of taking the CBCT, 2 years after grafting.
 In all but one of the 61 patients of whom the CBCT before and 1 year after 
ABG was analyzed, bone was present in the former alveolar cleft (98.3%). In 7 ABGs 
(11.5%), the vertical height of the bone was limited. During the grafting procedure 
in about one third of the patients, lateral incisors were removed (18 patients, 29.5%). 
In 47 patients (77%), the donor area was still visible in the mandibular symphysis (in 
all patients, a bicortical chin bone graft was taken) 1 year post-op (Figure 3.4). One 
enostosis was visible, and one patient had opacity in the floor of the mouth, suggestive 
for a sialolith in the ductus Warthoni, one patient had a shortened root of a mandibular 
incisor. There were no new findings in the TMJ, cervical vertebrae and signs of sinusitis 
and otitis media for this group of patients when comparing the pre- and post- surgery 
CBCTs.
Figure 3.4: 
CBCT images (axial, coronal and sagittal) 1 year and 9 months after ABG showing the presence of a bony defect in 
the mandibular donor site (arrows).
Incidental findings on cone beam computed tomography scans in cleft lip and palate patients
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3.4 DISCUSSION 
Publications on CBCT in CLP patients showed that the majority of the CBCT scanning 
was mainly used in the dental field and focused on the dental/nasal area in the FOV 
and not on the complete FOV. The mean topics of interest were dental anomalies and 
the nasal abnormalities [21-30]. No mention was made of any findings outside this area 
of interest. The current study focused on identifying all anomalies within the complete 
FOV in young CLP patients. The total number of incidental findings on CBCTs in CLP 
patients was 95.1%; these findings included anatomical variations as well as pathology. 
This high percentage has also been mentioned in other studies with a non-cleft 
population [1, 3, 12, and 15]. The need for monitoring and referral after an incidental 
finding was noticed, has only been reported as 15.6% and 16.1%, respectively [3]. After 
verification of the findings in our study, the majority did not need intervention: 10% 
of the patients had to be referred for further diagnosis and 9% was referred for further 
treatment, mainly for treatment of dental problems. The other incidental findings did 
not need further assessments (variations of normal anatomy), or patients were already 
known for this problem by other specialists. 
 As mentioned above, most frequent findings were in the airway (sinuses and 
nose). Considering the ENT problems and the deviating anatomy in CLP patients, 
this was as expected. Ten percent of the patients had middle ear fluid (otitis media with 
effusion) with no significant differences between the types of clefts. This phenomenon 
has not been reported in other studies assessing incidental findings on CBCTs even 
though other findings in the same FOV were mentioned [1-3, 12 17]. Thus, it is clinically 
relevant to pay special attention to this anatomical region in CLP patients. Otitis media 
with effusion in 10% of the patients and opacification of the mastoid in another 9% 
is a clinical relevant finding and in accordance with the study of Timmermans et al. 
[5], who found an incidence of 13% otitis media with effusion in a group of 10- to 
15-year-old CP patients, in contrast to a much higher incidence at younger ages. Flynn 
et al. [7] mentioned an even higher percentage of middle ear problems (21-32%) in this 
age group, stating the importance of follow up and indicating that follow-up may be 
necessary for these patients. Thus, when making a CBCT in CLP patients, attention has 
to be paid to this region in order to timely refer CLP patients to the ENT specialist.
 The mean percentage of findings concerning the sinuses was 56.1%. Other 
studies mention a similar high percentage of sinus findings in a non-cleft population [1-
3, 12, 15-17], although patients in publications not dealing with clefts had on average 
a higher age. Though results for sinus findings in younger non-cleft populations show a 
large variety, 14.3% in Cha et al. [14] versus 46.8% in Pazera et al. [13], the percentage 
found in our CLP group may indicate that sinus findings in this younger age group are 
more common in a CLP population due to altered anatomy, especially nasal septum 
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deviations. In general, the observed sinus pathology is usually asymptomatic [16], and 
for the majority of the findings, referral to an ENT specialist is even not necessary. This 
is in fact the same for CLP patients.
 In our group of CLP patients, nasal septum deviation was present in 34% of 
the cases. Percentages mentioned in other studies range from 0.1% to 56.7% but usually 
concern older patients [12, 14, 15, 31-33]. One study indicates that nasal septum 
deviation may increase with age [33]. From this point of view one could speculate that 
the 34% found in our study in a young population is already high.  
 As expected, the majority of our findings in the maxillary and mandibular 
region concerned teeth. As in other publications, there were more missing teeth, 
especially lateral incisors, more impacted and supernumerary teeth than in a non-cleft 
population [3, 9-11]. Knowledge about missing teeth is important for the planning of 
the orthodontic treatment and may need to be taken into account for the planning of 
the bone graft procedure. However, there is no indication to make a CBCT scan only 
for these reasons as these findings usually can also be diagnosed on 2D radiographs.
 The donor site in mandibular symphysis of the mandible was still visible in 
the majority of the patients that had had an ABG procedure. As it concerns a bicortical 
graft, this is a feature that could be expected [34]. 
 A drawback of the current study was that no control group was available as in 
our clinic no CBCT scans are made in a population younger than 11 years of age unless 
they have specific maxillofacial anomalies (like CLP or a syndrome). Also, the other 
studies on incidental findings on CBCTs reported in literature mainly included older 
patients (30.3–64.7 years) and concerned non-cleft populations.
 The high percentage of total findings (95.1%) in the current study was 
comparable to those reported in non-cleft populations by Allareddy et al. [1] (94.3%), 
Price et al. [3] (90.7%), Pette et al. [12] (93.4%) and Cağlayan and Tozoğlu [15] 
(92.8%). This observation was unexpected because the only study reported in the 
literature on younger non-cleft patients [14] showed a lower percentage of 21.6%. Even 
though the smaller FOV used in the study of Cha et al.[14] may be an explanation for 
the lower percentage of findings reported in that study, the percentage of findings within 
the FOV used by Cha et al. [14] was still remarkably lower than our findings found in 
similar areas in our study. Some of the findings in the other studies showed age-related 
problems which one would not expect in a young population (in this study mean age 
was 11.7 years). Pette et al. [12] mentioned a clear correlation between type of finding 
and age, showing that more degenerative problems, vascular problems and calcifications 
are to be expected and found at a higher age. These findings (calcifications, degenerative 
problems in TMJ and vertebrae, vascular problems) comprise a large number of the 
findings in all the studies with an older age group [1, 3, 12], whereas in our study, these 
problems were not seen. The main reason for the high score in our CLP population was 
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the nasal septum deviation when compared to the other studies. 
 The association between the younger age group and sinus problems and cysts as 
mentioned by Pette [12], was the same in our CLP group, except that in our CLP group 
no cysts were found. The high percentage of sinus findings in a young population was 
also verified by Pazera et al. [13] in a non-cleft population. 
 One in ten patients had an ear problem, and 1 in 11 (chronic) mastoiditis. This 
is of importance because CLP patients do have more ENT problems. Remarkably, none 
of the other studies on incidental findings on CBCTs of the head neck region reported 
on otitis media and (chronic) mastoiditis, while these areas will have been included 
in the FOV of those studies. Thus, either the researchers that studied those CBCTs 
were unfamiliar with the radiological signs of otitis media and (chronic) mastoiditis on 
CBCTs or focused themselves too much on the anatomical area of their interest. The 
latter supports our view that CBCTs should be reviewed by clinicians and/or radiologists 
with a special expertise in the areas included in the FOV.
 Some problems did occur in judging the findings on the CBCT as the observers 
had no knowledge of the patients’ files. In some of the patients that were referred for 
ENT or maxillofacial pathology, e.g. chronic sinusitis and abnormal bone anatomy, the 
pathology appeared to be the result of surgical treatment, identifying the need for review 
of the CBCT by specialists familiar with the CLP patient and the treatment. 
 Above mentioned problems and findings specific for the CLP population 
indicate that thorough analysis of the CBCT by all specialists participating in the CLP 
team is important, because knowledge of manifestations of CLP on CBCTs and their 
treatment is necessary when judging the CBCT. Because of the multidisciplinary nature 
of these patients, the specialists in the CLP team should read the CBCT systematically 
according to a standardized protocol. Our findings show that in CLP patients an 
extended FOV may have added value as diagnostic information becomes available that 
is also useful for other specialists concerned with the treatment.
 
3.5 CONCLUSIONS
The prevalence of incidental CBCT findings is more than three times higher in CLP 
patients compared to healthy youngsters. Many of these findings are related to CLP 
problems like middle ear and mastoid problems, agenesis of teeth, supernumerary 
and impacted teeth. Some of the incidental findings show that specific background 
knowledge of cleft related problems and effects of CLP treatment is necessary for 
adequate diagnosis. Thus, CBCT examination in patients with clefts asks for careful 
and thorough interpretation by the participating medical specialists of the CLP team.
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Rating dental arch relationships and palatal morphology with 
the EUROCRAN index on three different formats of dental casts 
in children with unilateral cleft lip and palate
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Abstract
Background: 
The EUROCRAN index has been used in inter-center studies to assess dental arch 
relationship (DAR) and palatal morphology (PM) in children with unilateral cleft 
lip and palate (UCLP). For this type of inter-center research, a scoring method that 
could be performed over the internet would be the most effective. Therefore, the 
aim of this study was to investigate the reliability of application of the EUROCRAN 
index on 3D digital models or photographs of plaster models instead of using 
plaster models. 
Methods: 
The EUROCRAN reference models were presented in three formats: plaster 
models, 2D photographs of plaster models and 3D digital models. Plaster models 
of children with UCLP (n=45) were rated. Of each case, all three formats were 
rated by six calibrated observers in random order. The strength of agreement of 
the ratings was assessed with kappa statistics. Concordance among observers was 
evaluated with the intra-class correlation coefficient (ICC). 
Results: 
The ICC showed a good inter-observer agreement for the DAR and poor inter-
observer agreement for the PM. Intra-observer agreement for the DAR was 
moderate to very good, yet for the PM poor to moderate. Comparison between 
the three formats per observer for the DAR was good or very good and for the PM 
moderate to poor. 
Conclusions: 
The overall results show that the EUROCRAN index is an acceptable and reliable 
scoring method for the DAR on plaster models, 2D photographs of plaster models, 
and 3D digital models. However, due to the small range of deviations in palatal 
morphology between the cases in our study, the PM component of the index was 
difficult to assess. 
Clinical relevance: 
In clinical audits and inter-center studies, plaster models can be substituted by 
2D-photographs of plaster casts or 3D digital models when grading treatment 
outcome with the EUROCRAN index.
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4.1 INTRODUCTION
In patients with unilateral cleft lip and palate (UCLP), dental arch relationship is assessed 
with several different methods such as the GOSLON yardstick [1], the Huddart/
Bodenham crossbite scoring method and its modification [2-4], incisal overjet measuring 
method [5], and the 5-year-olds’ index score [6]. However, scoring with some of these 
grading systems [2-5] may fail to take into account the severity of the malocclusion as 
a whole and has the potential for underestimating the discrepancy between the arches 
[7]. Among the rating systems mentioned above, the GOSLON yardstick [1] and the 
5-year-olds’ index [6] are the more comprehensive rating scales, which categorize dental 
arch relationship in anterior-posterior, vertical, and transverse dimensions in older and 
younger patients, respectively. Both indices have five categories, from grade 1 equivalent 
with excellent treatment outcome to grade 5 meaning very poor outcome and need for 
orthognathic surgery.
 The EUROCRAN index was developed as a spin-off of the EUROCRAN 
project by Katsaros et al. [unpublished data], as it was felt that the GOSLON yardstick 
– developed nearly 30 years earlier - and the 5-year-olds’ index – published in 1997- 
were not very well suitable for grading more recent cohorts of CLP patients in which 
the treatment outcomes for cleft lip and palate patients are generally better than in 
the past [8]. The EUROCRAN index is a modification of the GOSLON yardstick 
and 5-year-olds’ index. Furthermore, it is extended with a score for palatal morphology 
[9-11]. It is assumed that scar tissue that develops over the denuded palatal bone after 
palatoplasty contributes to growth disturbances [12]. Therefore, evaluation of palatal 
morphology should be part of the evaluation of treatment outcome. This indicates that 
an index, which also includes rating of palatal morphology, may be of importance. The 
EUROCRAN index is the only index, which assesses two components: the occlusal 
relationship in all three planes of space (including displacement of the lesser segment on 
the cleft side) and the palatal morphology (see Table 4.1) [8-11].
 Until now, the EUROCRAN index has been applied to plaster models only 
[13-15]. Currently, 3D digital dental models are common practice. They have great 
advantages over plaster models in archiving, viewing, and retrieval and can be accessed 
at any time and at any distance for diagnostic, clinical, and research purposes [16-22]. 
Yet, 3D digital models are associated with disadvantages. They cannot be held and 
viewed in the same way as plaster models, and familiarization with their use takes time. 
Furthermore, although a digital model is 3D, the image viewed on screen is only 2D 
[23, 24].
 Many studies have been performed using the GOSLON yardstick and the 5 
years-olds’ index on plaster models, whereas studies utilizing photographs of plaster 
models and 3D digital models are quite rare [22, 25-28]. Dogan et al. [22] found that 
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the GOSLON scoring on photographs of dental casts and 3D digital models showed 
a high reliability when compared with ratings on plaster models of the dental arch 
relationship of UCLP patients. Chawla et al. [7] investigated the reliability of four 
different formats of the 5-years-olds’ index: plaster models, colored acrylic models, black 
and white photographs, and 3D digital models. They found that the 3D digital models 
and digital photographs are reliable alternatives to plaster models for the 5-year-olds’ 
index. This has not been tested for the EUROCRAN index.
Table 4.1: 
Grade allocation according to the EUROCRAN index. [Katsaros et al. unpublished data [9,14].
Grades Dental arch relationship
1 (a) Apical base relationship skeletal Class I or Class II. 
Both central incisors positive overjet and overbite. 
Note: If both incisors have a positive overjet and overbite but the incisor relationship was 
achieved by obvious dental compensation/orthodontic treatment, the case is grade 2.
(b) Apical base relationship skeletal Class I or Class II.
No overbite but overjet markedly increased. 
Note: If there is no overbite and the overjet is not markedly increased, the case is grade 2.
2 Apical base relationship skeletal Class I.
Non-cleft incisor in positive overjet and overbite.
Tilting or derotation would achieve stable positive overjet and overbite of the incisor on the 
cleft side. 
Note: the case is grade 3 if there is a moderate open bite
3 (a) Apical base relationship edge to edge or mild Class III.
One or both central incisors edge to edge or in anterior crossbite.
Tilting or derotation would not achieve a stable positive overjet and overbite (i.e., the 
proclined tooth would relapse), may include moderate open bite. 
Note: if both incisors have an edge to edge relationship but the skeletal Class is III (i.e., incisor 
relationship was achieved by dental compensation/orthodontic treatment), the case is grade 4
4 (a) Apical base relationship Class III
Both centrals in anterior crossbite or one in anterior crossbite with the other edge to edge
Central incisors may or may not be in contact with the lower incisors.
(b) As grade 3 but with a marked open bite
Grades Palatal morphology
1 Good anterior and posterior height; minor surface irregularities (bumps, crevices); Nil or minor 
deviation of arch form
2 Moderate anterior and posterior height; moderate surface irregularities (bumps, crevices); 
Moderate deviation of arch form (e.g., segmental displacement)
3 Severe reduction in palate height; Severe surface irregularities (bumps, crevices); Severe 
deviation in arch form, e.g., "hourglass" constriction).
The worst feature of the three suggests the initial score. This may be modified up or down 
depending on how good the other features are. If good arch form was achieved by means of 
orthodontic treatment, the case is graded lower.
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 Therefore, the aim of this study is to investigate the reliability of using 3D 
models or photographs of plaster models instead of plaster models for rating dental arch 
relationship and palatal morphology in children with UCLP with the EUROCRAN 
index. The hypothesis to be tested is that there is no difference between the gradings of 
the three different formats.
4.2 MATERIALS AND METHODS
The use of anonymous data gathered during routine patient care is in accordance with 
Dutch law on medical research. A written statement of the Institutional Review Board 
(IRB) was obtained stating that this study does not fall within the remit of the Medical 
Research Involving Human Subjects Act (WMO). Therefore, the present investigation 
could have been carried out without an individual approval by an accredited research 
ethics committee. No formal waiver of approval by the IRB was obtained. All parents/
legal guardians gave written informed consent for the use of images of their children in 
the study.
4.2.1 Material
Plaster models (Plas-M) of 45 patients with non-syndromic complete UCLP with 
a mean age of 9 years (SD 1.6) were used in this study. Some patients were treated 
orthodontically in the past with a simple removable appliance in the upper jaw; no fixed 
appliances were used. From the plaster models, 2D digital photographs (2D-M) and 3D 
digital models (3D-M) were obtained.
 The 2D-Ms were made with a Canon EOS 5D (Canon Inc, Tokyo, Japan) 
camera and a 100 mm lens. The lens-object distance was 30 cm. A set of five views of 
the plaster models was made with a black background (Fig. 1). Subsequently, the images 
were loaded into PowerPoint2007 (Microsoft Corp., Redmond, WA, USA). Two types 
of slides were prepared for rating: One slide contained five views of the plaster models 
and the other slide contained only an enlarged palatal view of the maxillary plaster 
models. The slides were displayed and rated on a laptop.
 In order to obtain 3D-Ms, all Plas-M were digitized (Orthoproof, Doorn, The 
Netherlands) according to a standardized procedure. The 3D-Ms were displayed on a 
laptop using the program Digimodel® (Ortholab BV, Doorn, The Netherlands) (Fig. 2). 
The observers were instructed to manipulate the 3D-Ms with the software enhancement 
tools (i.e., allowing for zooming and rotation) according to their own preference.
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Figure 4.1: 
One set of photographs of the plaster models of a patient with UCLP
Figure 4.2: 
Digital model for the patient shown in Fig 1. By viewing 
the digital model from different angles, the transverse 
occlusion can be clearly assessed, showing a crossbite in 
this patient.
4.2.2 Method
The EUROCRAN index [9, 13, 14] was used to rate treatment outcome on three kinds 
of media formats: Plas-Ms, 2D-Ms, 3D-Ms. According to the index, two components 
are rated separately (1) dental arch relationship (DAR; grades from 1 to 4, in which 
1 means a very good treatment outcome and 4 corresponds to a poor outcome and 
necessity for orthognatic surgery) and (2) palatal morphology (PM; from 1, meaning 
good morphology, to 3, meaning poor morphology) (Table 4.1).
 Six calibrated observers were involved - four orthodontists experienced in 
treatment of cleft palate patients (O1, O2, O3, and O4), one final year postgraduate 
orthodontic trainee (O5), and one second year postgraduate orthodontic trainee 
(O6). An extensive calibration session was performed separately for the DAR and PM. 
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During calibration, sets of three different formats of 20 patients not belonging to the 
experimental group were used.
 The 45 sets of Plas-Ms, 45 sets of 2D-Ms, and 45 sets of 3D-Ms were coded 
with a random number. To prevent a possible influence of fatigue on the results, 
the rating material was divided into three groups comprising 15 Plas-Ms, 15 2D-
Ms and 15 3D-Ms each. These groups differed in type and in order of formats of 
individual patient. For example, Plas-Ms of a given patient were included in group 
1, photographs of plaster models in group 2, and digital models in group 3. The 
order of rating in the groups was as follows: in group 1, Plas-M → 2D-M → 3D-M; 
in group 2, 2D-M →3D-M → Plas-M; and in group 3, 3D-M →  Plas-M → 2D-M. 
Thus, each component of the EUROCRAN index was assessed on 135 sets of formats. 
Observers took a 30-min break between rating the groups 1 and 2 and between rating 
the groups 2 and 3.  Moreover, the rating was arranged in such a way that the material 
scored just before and just after the break came from different patients.
 The DAR was graded in the morning session. After a 1-h break, the PM was 
rated. Anchor (i.e., reference) models that demonstrate examples for all different grades 
and all types of formats were available for comparison. Also, each observer had a copy 
of the EUROCRAN index rating guidelines according to Katsaros et al. [unpublished 
data] and described in earlier studies [9, 13, 14].
 To evaluate the intra-observer agreement, 21 randomly selected data sets were 
reassessed after 2 weeks. 
4.2.3 Statistical analysis
The EUROCRAN index utilizes a categorical scale, which implies the use of the kappa 
statistics for analysis of observer performance. Because the EUROCRAN index is also an 
ordinal scale, its scores can be treated as nominal scores [29]. In that case, the reliability 
coefficient (RCoef ), the duplicate measurement error (DME), and the systematic 
difference between paired observations are assessed for method error analysis. We used 
both approaches. For each format and between the formats, intra-observer performance 
was analyzed by calculating kappa statistics, R Coef, DME, and the difference between 
paired observations. Concordance among observers during rating of each of the three 
formats was evaluated with the intra-class correlation coefficient (ICC). Strength of 
agreement assessed with kappa statistics was interpreted according to Landis and Koch 
[30]: poor (kappa<0.2), fair (0.21-0.4), moderate (0.41-0.6), good (0.61-0.8), and very 
good (0.81-1).
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4.3 RESULTS
4.3.1 Inter-observer performance for the three formats
Table 4.2 shows that, irrespective of the format, the ICC’s for the DAR were considerably 
higher than for the PM. This suggests a good inter-observer reliability for grading the 
DAR and relatively poor inter-observer reliability for scoring the PM. Within each 
component of the EUROCRAN index, the ICCs for each format were comparable. No 
differences were found in inter-observer performance for plaster models and the two 
other formats (2D-M and 3D-M) (p>0.4)
Table 4.2: 
Inter-observer performance for plaster models (Plas-M), 2D digital photographs of plaster models (2D-M), and 3D 
digital models (3D-M) expressed as intra-class correlation coefficient (ICC) with 95% confidence intervals.
Variable 1 Variable 2 Plas-M 2D-M 3D-M
DAR ICC 
[95% CI]
 
0.849 
[0.784…0.904]
0.846
[0.779…0.901]
0.866
[0.806…0.915]
PM ICC 
[95% CI]
0.258
[0.145…0.405]
0.258
[0.145…0.405]
0.260
[0.147…0.407]
DAR dental arch relationship, PM palatal morphology, Plas-M plaster model, 2D-M 2D digital photographs of 
plaster models, 3D-M 3D digital models, ICC– intra-class correlation coefficient, CI confidence interval. 
4.3.2 Intra-observer performance for DAR and PM
Intra-observer agreement for the Plas-M, 2D-M, and 3D-M is presented in Tables 4.3 
and 4.4. The reliability coefficients ranged from 0.822 to 0.975 for DAR (Table 4.3) and 
from -0.069 to 0.833 for PM (Table 4.4). 
 Regardless of the format, intra-observer agreement for the DAR was good or 
very good (0.8≥kappa>0.6 or kappa >0.8, respectively) for all except two observations 
(observers 4 and 6 for grading Plas-M). For the PM, intra-observer agreement was good 
(kappa >0.6) only for 2 out of 18 observations (observer 5 for Plas-M and observer 6 for 
2D-M). In the remaining situations, intra-observer agreement was poor to moderate.  
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Table 4.3: 
Intra-observer performance (six observers, O1 to O6) for the dental arch relationship (DAR) component of the 
EUROCRAN index.
Observer Reliability Mean 
diff.
95% CI of mean diff P value DME Kappa
Plas-M O1 0.923 0.143 [-0.075...0.360] 0.186 0.338 0.667
O2 0.822 0.000 [-0.322...0.322] 1.000 0.500 0.745
O3 0.931 0.095 [-0.103...0.294] 0.329 0.309 0.745
O4 0.857 0.190 [-0.083...0.464] 0.162 0.425 0.489
O5 0.867 0.000 [-0.288...0.288] 1.000 0.447 0.679
O6
 
0.880 0.238 [-0.046...0.523] 0.096 0.442 0.599
2D-M O1 0.922 0.000 [-0.204...0.204] 1.000 0.316 0.733
O2 0.965 0.095 [-0.042...0.232] 0.162 0.213 0.871
O3 0.877 0.000 [-0.249...0.249] 1.000 0.387 0.612
O4 0.907 0.000 [-0.204...0.204] 1.000 0.316 0.726
O5 0.925 -0.143 [-0.360...0.075] 0.186 0.338 0.673
O6
 
0.945 0.190 [0.007...0.374] 0.042 0.285 0.732
3D-M O1 0.876 -0.095 [-0.380...0.189] 0.493 0.442 0.662
O2 0.958 0.000 [-0.144...0.144] 1.000 0.224 0.872
O3 0.923 0.095 [-0.103...0.294] 0.329 0.309 0.742
O4 0.863 0.190 [-0.042...0.423] 0.104 0.362 0.802
O5 0.975 0.095 [-0.042...0.232] 0.162 0.213 0.865
O6 0.946 0.190 [0.007...0.374] 0.042 0.285 0.735
Plas-M plaster models, 2D-M 2D digital photographs of plaster models, 3D-M 3D digital models, diff difference, CI 
confidence interval, DME duplicate measurement error.
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Table 4.4: 
Intra-observer performance (six observers, O1 to O6) for the palatal morphology (PM) component of the EURO-
CRAN index .
Observer Reliability Mean 
diff.
95% CI of mean diff P value DME Kappa
Plas-M O1 0.014 0.048 [-0.221...0.316] 0.715 0.417 0.013
O2 0.315 0.048 [-0.221...0.316] 0.715 0.417 0.246
O3 0.333 0.000 [-0.288...0.288] 1.000 0.447 0.257
O4 0.672 0.095 [-0.103...0.294] 0.329 0.309 0.600
O5 0.833 0.048 [-0.127...0.223] 0.576 0.272 0.755
O6
 
0.258 0.143 [-0.155...0.441] 0.329 0.463 0.074
2D-M O1 0.200 -0.143 [-0.360...0.075] 0.186 0.338 0.173
O2 0.447 0.381 [0.154...0.607] 0.002 0.352 0.333
O3 -0.069 0.286 [-0.041...0.612] 0.083 0.507 -0.059
O4 0.414 0.286 [0.075...0.496] 0.010 0.327 0.292
O5 0.408 0.095 [-0.150...0.341] 0.428 0.381 0.400
O6
 
0.636 -0.048 [-0.223...0.127] 0.576 0.272 0.632
3D-M O1 0.315 0.048 [-0.221...0.316] 0.715 0.417 0.125
O2 0.395 0.429 [0.198...0.659] 0.001 0.359 0.270
O3 0.408 0.238 [-0.007...0.483] 0.056 0.381 0.364
O4 0.400 0.190 [0.007...0.374] 0.042 0.285 0.276
O5 0.485 -0.048 [-0.274...0.179] 0.666 0.352 0.483
O6 0.614 0.190 [-0.083...0.464] 0.162 0.425 0.317
Plas-M plaster models, 2D-M 2D digital photographs of plaster models, 3D-M 3D digital models, diff difference, CI 
confidence interval, DME duplicate measurement error. 
4.3.3 Comparison between the three formats per observer for DAR and PM
The intra-observer agreement between the three formats is shown in Tables 4.5 and 4.6. 
The reliability coefficients per observer ranged from 0.783 to 0.968 for DAR (Table 4.5) 
and from -0.085 to 0.640 for PM (Table 4.6). 
 Intra-observer agreement for comparison of Plas-M with 2D-M and 3D-M in 
grading the DAR demonstrated that concordance was good to very good in 6 out of 
12 comparisons (kappa >6) and moderate in six comparisons (kappa ≤0.6). The level 
of concordance was considerably lower for grading PM – in three comparisons, intra-
observer agreement was moderate, in six – fair, and in the remaining – poor. 
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Table 4.5: 
Comparison of intra-observer performance between the three formats (plaster models (Plas-M), 2D digital pho-
tographs of plaster models (2D-M), and 3D digital models (3D-M)) per observer for the dental arch relationship 
(DAR) component of the EUROCRAN index.
Observer Reliability Mean 
diff.
95% CI of mean diff P value DME Kappa
Plas-M 
vs. 2D-M
O1 0.852 0.048 [-0.221...0.316] 0.715 0.417 0.460
O2 0.914 -0.143 [-0.360…0.075] 0.186 0.338 0.734
O3 0.931 -0.095 [-0.294…0.103] 0.329 0.309 0.704
O4 0.809 -0.095 [-0.380…0.189] 0.493 0.442 0.590
O5 0.867 0.000 [-0.288…0.288] 1.000 0.447 0.672
O6
 
0.903 -0.048 [-0.274…0.179] 0.666 0.352 0.517
Plas-M 
vs. 3D-M 
O1 0.822 0.190 [-0.119…0.500] 0.214 0.481 0.524
O2 0.927 -0.095 [-0.294…0.103] 0.329 0.309 0.823
O3 0.968 -0.095 [-0.232…0.042] 0.162 0.213 0.734
O4 0.783 -0.048 [-0.352…0.257] 0.748 0.473 0.516
O5 0.870 -0.048 [-0.352…0.257] 0.748 0.473 0.548
O6 0.947 0.048 [-0.127…0.223] 0.576 0.272 0.637
Plas-M plaster models, 2D-M 2D digital photographs of plaster models, 3D-M 3D digital models, diff difference, CI 
confidence interval, DME duplicate measurement error. 
Table 4.6: 
Comparison of intra-observer performance between the three formats (plaster models (Plas-M), 2D digital pho-
tographs of plaster models (2D-M), and 3D digital models (3D-M)) per observer for the palatal morphology (PM) 
component of the EUROCRAN index.
Observer Reliability Mean 
diff.
95% CI of mean diff P value DME Kappa
Plas-M 
vs. 2D-M
O1 0.200 0.143 [-0.075...0.360] 0.186 0.338 0.262
O2 0.640 0.095 [-0.103...0.294] 0.329 0.309 0.564
O3 0.333 0.000 [-0.288...0.288] 1.000 0.447 0.176
O4 0.201 -0.095 [-0.341...0.150] 0.428 0.381 0.282
O5 0.599 0.238 [-0.007...0.483] 0.056 0.381 0.375
O6
 
0.356 0.190 [-0.083...0.464] 0.162 0.425 0.287
Plas-M 
vs. 3D-M 
O1 0.389 -0.048 [-0.274...0.179] 0.666 0.352 0.487
O2 0.640 0.095 [-0.103...0.294] 0.329 0.309 0.418
O3 0.096 0.048 [-0.289...0.384] 0.771 0.523 0.112
O4 -0.085 -0.143 [-0.404...0.118] 0.267 0.405 0.349
O5 0.367 0.333 [0.034...0.633] 0.031 0.465 0.098
O6 0.388 -0.190 [-0.532...0.151] 0.258 0.530 0.296
Plas-M plaster models, 2D-M 2D digital photographs of plaster models, 3D-M 3D digital models, diff difference, CI 
confidence interval, DME duplicate measurement error. 
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4.4 DISCUSSION
For inter-centre studies or studies that require rating by external observers, the observers 
or plaster models or both must travel to do the rating. This inevitably involves extra costs, 
inconvenience, and risk of damage to the plaster models. A more convenient approach 
would be to substitute the plaster models by photographs of plaster models or 3D digital 
models and perform the scoring over the internet. Such a grading session would be cost-
effective [25] and relatively easy to arrange. To test its feasibility, we investigated the 
reliability of using 3D-M or 2D-M of plaster models instead of Plas-M when assessing 
treatment outcome with the EUROCRAN index in children with UCLP.
 The EUROCRAN index is a fairly new tool for assessing treatment result 
in patients with UCLP. The index grades give an indication of the overall treatment 
outcome for a certain centre. It may also supplement information obtained of the same 
individuals for craniofacial growth using 2D and 3D cephalometry [28]. The overall 
results for the intra- and inter-observer reliability show that the EUROCRAN index 
is acceptable and reliable for scoring the DAR. These findings are in concordance with 
earlier studies [13,14] that reported values of kappa for intra-observer agreement ranging 
from 0.49 to 0.91 (moderate to very good agreement), i.e. comparable with the values 
from the current investigation. Our results partially disagree with findings of Patel [15]. 
She found poorer intra-observer agreement during assessment of the DAR component 
of the EUROCRAN index, yet she assessed patients at the age of 5 years, whereas we 
examined 9-year-olds.
 The present results demonstrate that it is possible to replace plaster models with 
2D-Ms or 3D-Ms for grading the DAR component of the EUROCRAN index. It is 
in keeping with other studies, which assessed reliability of grading occlusion in patients 
with cleft lip and palate based on formats alternative to plaster models [7, 22-28]. 
 The reliability of assessment of the palatal morphology component is 
questionable for all formats. This finding is in agreement with the results of the study by 
Patel [15] and partly in concordance with earlier findings from our group [13, 14]. Both 
research groups found a lower reliability for scoring PM than DAR, but the reliability 
of the scoring PM obtained by Fudalej et al. [13, 14] was considerably higher than in 
the present study. A reason of this discordance may be the fact that there were only 
small differences in palatal vault morphology in the 45 cases rated in the present study, 
whereas the range of palatal dysmorphology may have been larger in the groups assessed 
earlier [13, 14]. Because of the low agreement in grading the PM, we suggest to modify 
the PM grading scale and/or guidelines. Additionally, adding a second photograph of 
the palate for grading of palatal height in the PM assessment on 2D photographs could 
improve the effectiveness of the grading. 
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4.5 CONCLUSION
The overall results show that the EUROCRAN index is an acceptable and reliable 
scoring method for the dental arch relationships on plaster models, 2D photographs of 
plaster models, and 3D digital models. However, due to the small range of deviations 
in palatal morphology between the cases in our study, the PM component of the index 
was difficult to assess.
ACKNOWLEDGEMENTS
The authors thank Prof. C. Katsaros (University of Bern, Switzerland) and co-
investigators for the provision of the anchor models and the guidelines for scoring the 
EUROCRAN index, and Ortholab BV (Doorn, The Netherlands) for scanning the 
plaster models to make the 3D digital models. The authors also thank the observers for 
participation in the rating sessions.
CONFLICT OF INTEREST 
The authors report no conflict of interest.
Chapter 4
94
REFERENCES
1. Mars M, Plint DA, Houston WJ, Bergland O, Semb G (1987) The Goslon Yardstick: a new system of 
assessing dental arch relationships in children with unilateral clefts of the lip and palate. Cleft Palate 
J 24:314-322
2. Pruzansky S, Aduss H (1964) Arch form and the deciduous occlusion in complete unilateral clefts. 
Cleft Palate J 30:411-418 
3. Huddart AG, Bodenham RS (1972) The evaluation of arch form and occlusion in unilateral cleft 
palate subjects. Cleft Palate J 9:194-209
4. Mossey PA, Clark JD, Gray D (2003) Preliminary investigation of a modified Huddart/Bodenham 
scoring system for assessment of maxillary constriction in unilateral cleft lip and palate subjects. Eur 
J Orthod 25:251-257
5. Morris T, Roberts C, Shaw WC (1994) Incisal overjet as an outcome measure in unilateral cleft lip 
and palate management. Cleft Palate Craniofac J 31:142-145
6. Atack N, Hathorn I, Mars M, Sandy J (1997) Study models of 5 year old children as predictors of 
surgical outcome in unilateral cleft lip and palate. Eur J Orthod 19:165 170
7. Chawla O, Deacon SA, Atack NE, Ireland AJ, Sandy JR (2012) The 5-year-olds’ Index: determining 
the optimal format for rating dental arch relationships in unilateral cleft lip and palate. Eur J Orthod 
34:768-772
8. Jones T, Al-Ghatam R, Atack N, Deacon S, Power R, Albery L, Ireland T, Sandy J (2014). A review 
of outcome measures used in cleft care. J Orthod 41:128-40
9. EUROCRAN Index Group (2007). The Eurocran Index for grading dental arch relationship and 
palatal morphology in patients with unilateral cleft lip and palate. In: Oskouei SM. Web-based 
learning package on the EUROCRAN Yardstick for rating surgical outcome in unilateral cleft lip & 
palate patients. University of Manchester (UK), Master of Science thesis, pp 27-28, pp 75-99
10. Altalibi M, Saltaji H, Edwards R, Major PW, Flores-Mir C (2013) Indices to assess malocclusions in 
patients with cleft lip and palate. Eur J Orthod 35:772-782 
11. Haque S, Alam MK, Arshad AI (2015) An overview of indices used to measure treatment effectiveness in 
patients with cleft lip and palate. Malays J Med Sci 22:4 11
12. Von den Hoff J, Maltha JC, Kuijpers-Jagtman AM (2013) Palatal wound healing: the effects of 
scarring on growth. In: Berkowitz S (ed) Cleft Lip and Palate, 3rd edn, Diagnosis and management. 
Springer-Verlag, Berlin, pp 309-324
13. Fudalej P, Katsaros C, Bongaarts C, Dudkiewicz Z, Kuijpers-Jagtman AM (2010) Dental arch 
relationship in children with complete unilateral cleft lip and palate following one-stage and three-
stage surgical protocols. Clin Oral Investig 15:503 510
14. Fudalej P, Katsaros C, Dudkiewicz Z, Offert B, Piwowar W, Kuijpers M, Kuijpers-Jagtman AM (2012) 
Dental arch relationships following palatoplasty for cleft lip and palate repair. J Dent Res 91:47-51
15. Patel D (2011) Evaluation of the use of the Modified Huddart Bodenham & Eurocran Yardstick for 
the assessment of surgical outcome for unilateral cleft lip and palate. University of Dundee (UK), 
Rating dental arch relationships and palatal morphology with the EUROCRAN index on 
three different formats of dental casts in children with unilateral cleft lip and palate
95
C
ha
pt
er
 1
C
ha
pt
er
 2
C
ha
pt
er
 3
C
ha
pt
er
 4
C
ha
pt
er
 5
C
ha
pt
er
 6
C
ha
pt
er
 7
C
ha
pt
er
 8
C
ha
pt
er
 9
C
ha
pt
er
 1
0
Master of Dental Science thesis.
16. Bootvong K, Liu Z, McGrath C, Hägg U, Wong RWK, Bendeus M, Yeung S (2010) Virtual model 
analysis as an alternative approach to plaster model analysis: reliability and validity. Eur J Orthod 
32:589-595
17. Fleming PS, Marinho V, Johal A (2011) Orthodontic measurement on digital study models compared 
with plaster models: a systematic review. Orthod Craniofac Res 14:1-16
18. Grünheid T, McCarthy SD, Larson BE (2014) Clinical use of a direct chairside oral scanner: an 
assessment of accuracy, time, and patient acceptance. Am J Orthod Dentofacial Orthop 146:673-682 
19. Kaihara Y, Katayama A, Ono K, Kurose M, Toma K, Amano H, Nikawa H, Kozai K (2014) 
Comparative analyses of paediatric dental measurements using plaster and three-dimensional digital 
models. Eur J Paediatr Dent 15:137-142
20. Kim J, Heo G, Lagravère MO (2014) Accuracy of laser-scanned models compared to plaster models 
and cone-beam computed tomography. Angle Orthod 84:443-450
21. Westerlund A, Tancredi W, Ransjö M, Bresin A, Psonis S, Torgersson O (2015) Digital casts in 
orthodontics: a comparison of 4 software systems. Am J Orthod Dentofacial Orthop 147:509-516
22. Dogan S, Olmez S, Semb G (2012) Comparative assessment of dental arch relationships using goslon 
yardstick in patients with unilateral complete cleft lip and palate using dental casts, two-dimensional 
photos, and three-dimensional images. Cleft Palate Craniofac J 49:347-351
23. Asquith JA, McIntyre GT (2012) Dental arch relationships on three-dimensional digital study models 
and conventional plaster study models for patients with unilateral cleft lip and palate. Cleft Palate 
Craniofac J 49:530-534
24. Chawla O, Atack NE, Deacon S, Leary SD, Ireland AJ, Sandy JR (2013) Three-dimensional digital 
models for rating dental arch relationships in unilateral cleft lip and palate. Cleft Palate Craniofac J 
50:182-186
25. Nollet PJ, Katsaros C, van ‘t Hof MA, Bongaarts CA, Semb G, Shaw WC, Kuijpers-Jagtman AM 
(2004) Photographs of study casts: an alternative medium for rating dental arch relationships in 
unilateral cleft lip and palate. Cleft Palate Craniofac J 41:646-650
26. Liao YF, Huang CS, Lin IF (2009) Intraoral photographs for rating dental arch relationships in 
unilateral cleft lip and palate. Cleft Palate Craniofac J 46:415-419
27. Liao YF, Lin IF (2009) Dental arch relationships after two-flap palatoplasty in Taiwanese patients with 
unilateral cleft lip and palate. Int J Oral Maxillofac Surg 38:1133-1136
28. Leenarts CMR, Bartzela TN, Bronkhorst EM, Semb G, Shaw WC, Katsaros C, Kuijpers-Jagtman 
AM (2012) Photographs of dental casts or digital models: rating dental arch relationships in bilateral 
cleft lip and palate. Int J Oral Maxillofac Surg 41:180-185
29. Cohen ME (2001) Analysis of ordinal dental data: evaluation of conflicting recommendations. J Dent 
Res 80:309-313
30. Landis JR, Koch GG (1977) The measurement of observer agreement for categorical data. Biometrics 
33:159-174 

Kuijpers MA, Desmedt DJ, Nada RM, Bergé SJ, Fudalej PS, Maal TJ
Regional facial asymmetries in unilateral orofacial clefts
Chapter 5
Regional facial asymmetries in unilateral orofacial clefts
Eur J Orthod. 2015;37:636-42. PubMed PMID: 25700990
Chapter 5
98
Abstract
Background: 
To assess facial asymmetry in subjects with unilateral cleft lip (UCL), unilateral cleft 
lip and alveolus (UCLA), and unilateral cleft lip, alveolus, and palate (UCLP), and 
to evaluate which area of the face is most asymmetrical. 
Methods: 
Standardized three-dimensional facial images of 58 patients (9 UCL, 21 UCLA, 
and 28 UCLP; age range 8.6 – 12.3 years) and 121 controls (age range 9-12 years) 
were mirrored and distance maps were created. Absolute mean asymmetry values 
were calculated for the whole face, cheek, nose, lips and chin. One-way analysis of 
variance, Kruskal-Wallis and t-test were used to assess differences between clefts and 
controls for the whole face and separate areas. 
Results: 
clefts and controls differ significantly for the whole face as well as in all areas. 
Asymmetry is distributed differently over the face for all groups. In UCLA, the 
nose was significantly more asymmetric compared to chin and cheek (P = 0.038 
and 0.024, respectively). For UCL, significant differences in asymmetry between 
nose and chin and chin and cheek were present (P = 0.038 and 0.046, respectively). 
In the control group, the chin was the most asymmetric area compared to lip and 
nose (P = 0.002 and P = 0.001, respectively) followed by the nose (P  = 0.004). In 
UCLP, the nose, followed by the lips, was the most asymmetric area compared to 
chin, cheek (P < 0.001 and P = 0.016, respectively). 
Limitations: 
Despite division into regional areas, the method may still exclude or underrate 
smaller local areas in the face, which are better visualized in a facial colour coded 
distance map than quantified by distance numbers. The UCL subsample is small.
Conclusion: 
Each type of cleft has its own distinct asymmetry pattern. Children with unilateral 
clefts show more facial asymmetry than children without clefts.
Regional facial asymmetries in unilateral orofacial clefts
99
C
ha
pt
er
 1
C
ha
pt
er
 2
C
ha
pt
er
 3
C
ha
pt
er
 4
C
ha
pt
er
 5
C
ha
pt
er
 6
C
ha
pt
er
 7
C
ha
pt
er
 8
C
ha
pt
er
 9
C
ha
pt
er
 1
0
5.1 INTRODUCTION
Perfect symmetry in the human face does not exist. Very often a slight asymmetry in the 
face is appreciated more than a perfectly symmetric face, but abnormal proportions in 
faces, especially close to the facial midline, are perceived as less attractive [1, 2]. Cleft 
lip and palate (CLP) patients differ from the non-cleft population, because they have 
a congenital defect in the face, which expresses itself in the hard as well as in the soft 
tissues of the face. Patients with a unilateral defect like unilateral cleft lip and palate 
(UCLP) may express this as an asymmetry of the face [2-5]. 
 In the past, studies to assess (a)symmetry mainly used landmark comparisons 
based on the studies of Farkas and Cheung [6] but they may have underestimated the spatial 
three-dimensional (3D) composition of the face. Nowadays, 3D evaluation techniques 
are available to assess cleft care outcome more objectively. 3D stereophotogrammetry is 
an especially preferred method for soft tissue analysis [7,8]. 3D visualization may also 
help to clarify changes over time and to explain treatment objectives and possibilities to 
the patient [9]. 
 Therefore, the aim of this study was to assess and compare facial asymmetry in 
patients with various types of clefts [unilateral cleft lip (UCL), unilateral cleft lip and 
alveolus (UCLA), and unilateral cleft lip, alveolus and palate (UCLP)] with a large pre-
adolescent control group to evaluate which area of the face is the most asymmetrical and 
if asymmetry is distributed differently in cleft groups and controls before alveolar bone 
graft and orthodontics.
5.2 PATIENTS AND METHODS
5.2.1 Patients
This research was conducted in accordance with the Helsinki Declaration with regard to 
research in human subjects. Approval from the Institutional Review Board was obtained. 
Cleft palate patients of the Cleft Palate Craniofacial Unit of  Radboud University 
Medical Center, Nijmegen, The Netherlands, with the following inclusion criteria: 1. 
diagnosis of complete nonsyndromic (ascertained by a clinical geneticist) unilateral cleft 
lip (UCL), unilateral cleft lip and alveolus (UCLA) or unilateral cleft lip, alveolus and 
palate (UCLAP); 2. Caucasian; 3. 3D stereophotogrammetric images of the face taken 
at approximately 10 years of age; and 4. all treatment performed in one and the same 
CLP team were included in the study. 
 Fifty-eight patients born between 1998 and 2004 (age range: 8.6 – 12.3) were 
selected. Nine of them presented with UCL (6 girls and 3 boys), 21 had UCLA (4 
girls and 17 boys), and 28 had UCLP (13 girls and 15 boys). All patients were treated 
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according to the standardized protocols used at the Unit. Lip closure (Millard cheiloplasty) 
was done at age 6-8 months together with a primary nose correction (McComb); soft 
palate closure was performed at the age of 12-14 months. All surgical procedures were 
performed by two surgeons. At the time of the 3D-stereophotogrammetric image the 
included patients with an alveolar cleft did not have their bone grafting procedure yet, 
neither hard palate closure.
 The control group consisted of 121 patients (age range: 9-12 years), 82 girls, 
and 39 boys, taken from the patient files of the Department of Orthodontics, Radboud 
University Medical Center, Nijmegen, The Netherlands. Inclusion criteria were 1. 
maximum overjet of 6 mm, and 2. Caucasian. Exclusion criteria were 1. congenital 
malformation, 2. forced bite with lateral displacement of the mandible, 3. juvenile 
idiopathic arthritis (JIA), 4. impacted canines, and 5. negative overjet.
5.2.2 3D-stereophotogrammetry
Three-dimensional images of patients and controls were taken with the same 
stereophotogrammetrical camera set-up (3dMD face™ System, 3dMD LLC, Atlanta, 
Georgia, USA) under standardized conditions. Patients were positioned in natural head 
position and were asked to keep their eyes open and to relax their facial musculature. 
All images were taken by an experienced photographer. The setting of the system was 
calibrated every morning.
 Processing of the image was performed as described in detail by Verhoeven 
et al. [10]. Confounding regions (neck, ears, and hair) in the images were removed in 
3dMDpatient v3.1.0.3 computer software (3dMD patient™ Software Platform, 3dMD 
LLC). The adjusted 3D photograph was imported into Maxilim® software (Medicim 
NV, Mechelen, Belgium). In Maxilim®, a 3D mirrored image was created and surface 
registration of the original and mirrored 3D photograph was done to create a distance 
map. The distance map illustrates the distance between corresponding points on both 
3D images of the full face, and therefore represents the difference between the surface of 
the original 3D image and its mirrored image (Figure 5.1). The numeric measurements 
(± 20.000) from the distance map were imported into Matlab® software [7.4.0 (R2007a) 
Mathworks, Natick, MA, USA] to calculate the absolute mean and the 95th percentiles 
of the asymmetry. This absolute mean is the absolute mean difference of the distance 
between the original and mirrored image expressed in millimetres. This mean represents 
a direct measurement of facial asymmetry, the larger a facial asymmetry, the greater the 
mean absolute distance.
Regional facial asymmetries in unilateral orofacial clefts
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Figure 5.1: 
Registration of original and mirrored data of an unilateral cleft lip, alveolus and palate patient.
5.2.3 Measurements
Based on the 3D images (1) mean absolute asymmetry, and (2) asymmetry in specific 
regions of the face were assessed (Figure 2). The areas were nose, lips, cheeks and chin 
and they were defined according to defined planes. A 3D reference plane was constructed 
according to Plooij et al. [7] using the following planes:
1. The Horizontal (x) 3D Cephalometric Reference Plane is automatically computed 
as a plane 6.6 degrees below the Cantion - Superaurale line, along the horizontal 
direction of the natural head position and through the Pupil Reconstructed Point 
translated 77.2 mm more posteriorly.
2. The Pupil Constructed Point is positioned on the crossing of the midline of the nose 
and the bipupilar line.
3. Vertical plane: The Vertical (y) 3D Cephalometric Reference Plane is computed as 
a plane perpendicular to the Horizontal (x) 3D Cephalometric Reference Plane and 
along the horizontal direction of the natural head position.
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Then the following planes were defined to divide the face into five areas, using the 
following landmarks: left and right Exocanthion, left and right Endocanthion, left and 
right Cheilion, Subnasale, labiale inferius and mid pupillar point (Table 5.1).  :
1. Upper cheek plane: from left to right exocanthion over mid pupillar
2. Right border nose: A plane through landmarks endocanthion right and cheilion 
right; Left border nose: A plane through landmarks endocanthion left and cheilion 
left and perpendicular to vertical plane
3. Subnasal plane: the plane through subnasale and parallel to horizontal plane 
4. Lower lip plane: A plane through labiale Inferius and parallel to horizontal plane
5. Median plane: The Median (z) 3D Cephalometric reference plane is computed as 
a plane perpendicular to the horizontal (x) and the vertical (y) 3D Cephalometric 
Reference Planes
Table 5.1: 
Definition of the facial landmarks on the 3D photographs used to divide the face into five areas.
Landmarks Definition
Exocanthion Point at the outer commissure of the eye fissure
Endocanthion Point at the inner commissure of the eye fissure
Cheilion Point located at each labial commissure
Subnasale Midpoint on the nasolabial soft tissue contour between the columella 
crest and the upper lip
Labiale inferius Midpoint of the vermilion line of the lower lip
Mid pupillar point Point positioned on the crossing of the midline of the nose and the 
bipupillar line
The following areas were defined (Figure 5.2):
• Nose area was defined by upper cheek plane, left and right border nose, and subnasal 
plane.
• Cheeks were defined by either left or right border nose, upper cheek plane,  and 
lower lip plane. 
• Lips were defined by right and left border nose and subnasal and lower lip planes. 
• The chin area was the area below the lower lip plane.
5.2.4 Statistical analysis
For patients and controls (full face and separate areas), the absolute mean and the 
95th percentile of the asymmetry were calculated. To assess which areas were the most 
asymmetrical areas within the face in the control group and the cleft groups, all different 
areas in the face were compared with each other using a t-test. 
 One-way analysis of variance was used to compare the whole face and the 
Regional facial asymmetries in unilateral orofacial clefts
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separate areas to assess if there were significant differences between the different areas 
of the face of the different cleft groups. A Kruskal-Wallis test was used to compare the 
control group with cleft groups for the whole face and the separate areas. Differences 
between boys and girls in the control group, UCLA, and UCLP groups were assessed by 
using a Mann-Whitney test.
 To calculate the inter-rater reliability, 25 randomly selected images were 
analyzed again for asymmetry and mirroring by two observers. Inter-rater reliability of 
the calculation of the mean absolute asymmetry was assessed by computing duplicate 
measurement errors (DME), correlation coefficients, and the differences between the 
means. Also, paired t-tests were run to assess if there were systematic errors between two 
observers.
Figure 5.2: 
Picture of a face showing distance map and areas selected for comparison: nose, lips, cheeks and chin.
Chapter 5
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5.3 RESULTS
5.3.1 Reliability
Correlation coefficients of the assessment of the mean absolute asymmetry were good. 
The inter-rater DME was 0.05 mm, the correlation coefficient was 99.1 per cent, and 
the difference of the means between the observations was 0.008 mm (95% CI: -0.019…
0.035). 
Table 5.2: 
Descriptive statistics for the absolute mean distances (in mm) between the original image and the mirrored image 
of the controls and three different cleft groups. UCL, unilateral cleft lip; UCLA, unilateral cleft lip and alveolus; 
UCLP, unilateral cleft lip, alveolus, and palate.
Group Facial area Mean SD Std. Error Mean
Controls
N = 121
whole face .483 .148 .013
nose .419 .212 .019
lip .447 .215 .020
chin .540 .364 .033
cheek
 
.482 .203 .018
UCLP
N = 28
whole face .741 .310 .058
nose 1.130 .538 .102
lip .937 .467 .088
chin .689 .330 .062
cheek
 
.689 .330 .062
UCLA
N = 21
whole face .723 .422 .092
nose 1.105 .614 .134
lip .826 .440 .096
chin .724 .494 .108
cheek
 
.719 .569 .124
UCL
N = 9
whole face .640 .310 .103
nose .785 .507 .169
lip .653 .372 .124
chin .466 .193 .064
cheek .650 .368 .123
Regional facial asymmetries in unilateral orofacial clefts
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5.3.2 Asymmetry assessment of patients with cleft versus controls
Descriptive statistics for the absolute mean distances (in millimetres) between the 
original image and the mirrored image are presented in Table 5.2.
 Differences between the cleft groups and the control group are mentioned in 
Table 5.3. There were significant differences between the UCLP group and the controls 
in all areas (P = 0.012 for chin and P < 0.001 for all other areas). Significant differences 
were also found between the UCLA group and the control group for the whole face, 
nose and lip (P < 0.001). No significant differences were found between the UCL group 
and the controls.
 Differences between the cleft groups themselves are depicted in Table 5.4. There 
were no statistical differences between the cleft groups for any of the areas of the face 
neither for the whole face.
Table 5.3: 
Results of the Kruskall-Wallis test comparing the control group with the cleft groups for the whole face and the 
separate areas in the face. UCL, unilateral cleft lip; UCLA, unilateral cleft lip and alveolus; UCLP, unilateral cleft lip, 
alveolus, and palate.
Area Variable Comparison Mean Std. Error 
Mean
p-value
Face Control (n=121) UCLP (n=28) .483 .741 <0.001 
UCLA (n=21) .723 0.000 
UCL (n=9)
 
.637 0.571
Nose Control UCLP .419 1.130 <0.001  
UCLA 1.105 <0.001  
UCL
 
.785 0.052
Lip Control UCLP .447 .937 <0.001  
UCLA .826 <0.001  
UCL
 
.653 0.277
Chin Control UCLP .540 689 0.012
UCLA .724 0.178
UCL
 
.466 1.000
Cheek Control UCLP .482 .689 <0.001 
UCLA .719 0.188
UCL .650 0.386
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Table 5.4: 
Results of the one-way analysis of variance comparing whole face and different areas in the face for the three 
different cleft groups.  UCL, unilateral cleft lip; UCLA, unilateral cleft lip and alveolus; UCLP, unilateral cleft lip, 
alveolus, and palate.
Area Group Comparison Mean 
difference
p-value Confidence interval
Lower Upper
Face UCLP UCLA .018 .983 -.223 .264
UCL .104 .735 -.223 .431
UCLA UCLP -.018 .983 -.264 .223
UCL .086 .815 -.254 .426
UCL UCLP -.104 .725 -.431 .223
UCLA
   
-.086 .815 -.426 .254
Chin UCLP UCLA -.035 .947 -.302 .232
UCL .223 .292 -.132 .578
UCLA UCLP .035 .947 -.232 .302
UCL .258 .220 -.111 .627
UCL UCLP -.223 .292 -.578 .132
UCLA
   
-.258 .220 -.627 .111
Lip UCLP UCLA .111 .664 -.198 .420
UCL .284 .226 -.126 .695
UCLA UCLP -.111 .664 -.420 .198
UCL .173 .594 -.253 .560
UCL UCLP -.284 .226 -.695 .126
UCLA
   
-.173 .594 -.560 .253
Nose UCLP UCLA .024 .988 -.367 .412
UCL .344 .255 -.175 .864
UCLA UCLP -.024 .988 -.412 .367
UCL .320 .334 -.220 .860
UCL UCLP -.344 .255 -.864 .175
UCLA
   
-.320 .334 -.860 .220
Cheek UCLP UCLA .135 .677 -.250 .519
UCL .204 .604 -.306 .713
UCLA UCLP -.135 .677 -.519 .250
UCL .069 .947 -.461 .600
UCL UCLP -.204 .604 -.713 .306
UCLA -.069 .947 -.600 .461
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Table 5.5: 
Results of the t-test comparing mean absolute distance values of the different areas in the face for the control 
group and the three different cleft groups. UCL, unilateral cleft lip; UCLA, unilateral cleft lip and alveolus; UCLP, 
unilateral cleft lip, alveolus, and palate.
Mean absolute distance 
Compared areas 
Significant distances are marked 
in blue.
P-value 95% Confidence Interval of the 
Difference
Lower Upper
Controls Chin – Lip .002 .034 .151
Chin – Nose .001 .048 .193
Chin - Cheek .079 -.007 .121
Lip - Nose .258 -.021 .077
Lip - Cheek .096 -.077 .006
Nose – Cheek
   
.004 -.106 -.021
UCLP Chin – Lip .000 -.374 -.123
Chin – Nose .000 -.640 -.241
Chin - Cheek .156 -.396 .067
Lip - Nose .044 -.379 -.006
Lip - Cheek .428 -.130 .297
Nose – Cheek
   
.016 .056 .496
UCLA Chin – Lip .117 -.233 .028
Chin – Nose .038 -.739 -.024
Chin - Cheek .961 -.200 .211
Lip – Nose .082 -.597 .039
Lip - Cheek .261 -.086 .301
Nose – Cheek
   
.024 .057 .716
UCL Chin – Lip .076 -.398 .024
Chin – Nose .038 -.616 -.023
Chin - Cheek .046 -.363 -.005
Lip – Nose .272 -.391 .126
Lip - Cheek .966 -.150 .156
Nose – Cheek .221 -.100 .370
5.3.3 Asymmetry assessment within the groups
Descriptive statistics (Table 5.2) show that the nose was the most asymmetric area in all 
CLP groups, followed by the lips and the chin the most asymmetric area in the controls. 
There were significant differences between several areas within the face in all groups 
when comparing them with each other (table 5.5).  
 In the control group, the asymmetry difference within the face was significant 
Chapter 5
108
between chin and lip, chin and nose, and nose and cheek (P = 0.002, P = 0.001 and 
P = 0.004, respectively). 
 For the UCLP group, the nose was significantly more asymmetric than all other 
areas of the face (chin P < 0.001; lip P = 0.044; cheek P = 0.016). Furthermore,  the lip 
area was more asymmetric than the chin area (P < 0.001).
 The nose was significantly more asymmetric in the face of UCLA patients 
compared to chin and cheek (P = 0.038 and 0.024, respectively). 
 For the UCL group, differences between nose and chin and chin and cheek 
were statistically significant (P = 0.038 and 0.046, respectively).  
 There were significant sex differences for amount of asymmetry in the different 
areas of the face of ULCP patients. In the UCLP groups, boys were more asymmetric 
than girls in the chin (P = 0.037) and lip area (P = 0.007). There were no gender 
significant differences in the UCLA group and controls.
5.4 DISCUSSION
In this study, 3D stereophotogrammetry was used to compare facial asymmetry of 
patients with a unilateral cleft deformity with a large control group. The whole face and 
different areas of the face of cleft patients were compared with controls. Furthermore, 
different areas within the face were compared with other areas to assess which one is the 
most asymmetrical. The latter assessment was done to see whether there were distinct 
patterns of asymmetry for different types of unilateral clefts. 
 Asymmetry has been reported in several studies starting with the studies of Ras 
et al. [11,12] who used stereophotogrammetry for the assessment of asymmetry over 
time in CLP patients and non-cleft controls. Most studies concern comparisons before 
and after treatment, very often without a control group, or with a control group of a 
different age range [12-14]. Various image acquisition techniques have been described 
to assess changes and asymmetry in the face [8]. In comparison to the widely applied 
landmark-based registration or a combination of landmark-based registration and 
shape analysis based on a few nasolabial facial curves [5, 15], the use of surface based 
registration gives a better insight into all morphological differences within a face and 
between faces [2, 10,16]. As the face is a 3D structure, distance maps give an impression 
of volume differences in areas that may be more difficult to detect from two-dimensional 
measurements or when measuring distances perpendicular to a symmetry axis in a 3D 
image [10, 17]. Furthermore, it does not exclude facial regions where landmarks are not 
identified or difficult to identify. We found that in controls the most asymmetric area 
of the face is the chin. This was different in CLP patients. In the UCLA and UCLP 
group, the most asymmetric areas were nose and lips. However, when areas within 
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the face were compared, there were differences in distribution with the nose being the 
most asymmetric area in the UCLP group followed by the lips. In the UCLA group, 
asymmetry was mostly visible in the nasal area. This is in accordance with the findings 
of other researchers [5, 18] who showed more lip dysmorphology due to a wider nostril 
base in UCLP patients than UCL patients. Bell et al. [5] also compared the lips to the 
upper area of the face to signify that asymmetry mostly concentrated on the nose for 
UCLP as well as UCL patients. In our study, we analysed the same groups but we also 
included a UCLA group. This type of cleft is quite often disregarded in the literature as 
most published studies deal with UCLP. It is difficult to make a direct comparison with 
the results of Bell et al. [5] as the CLP treatment protocol in  our study is different. In 
our centre, we employed a delayed hard palate closure protocol. So, in contrast to Bell’s 
group, hard palate closure had not yet been performed in the patients in our study.
 Bugaighis et al. [3] included UCLP and UCLA in their study and described that 
both groups differed from the controls in the nasolabial area. In their study, the UCLA 
group showed the same differences but to a lesser extent than the UCLP group. Some 
areas were similar to controls, especially in the lip area. This is similar to our findings. The 
drawback of Bugaighis’ study was that five different surgeons using different techniques 
did the surgeries, whereas in our study similar techniques were used on all patients. 
Ayoub et al. [18] proved that UCL patients start to resemble controls more in the nose 
base and lip area at a later age (8-10 years). This was seen with our UCLA patients in 
the same age range also. With respect to sex differences, we found that boys were more 
asymmetric in the chin and lip area than girls in the UCLP and to a lesser extent for 
UCLA patients. None of the other studies with patients in the same age range (8-12 
years) examined sex differences, except Ras et al. [11] who found opposite results.  Like 
other studies we did not find differences between boys and girls in the control group. 
This may be due to the fact that control faces show only minor asymmetry, which makes 
gender differences not measurable. 
 The differences found in this study between controls, UCLP and UCLA patients 
were also found by others [3, 4, 19]. Bugaighis et al. (3), however, also found significant 
differences between UCLA and UCLP patients outside the midfacial area, where UCLA 
patients resembled controls more than they resembled UCLP patients. We did not find 
this difference. This may be due to the point measurements and Procrustus approach 
they used, while we used the mean difference between the two surfaces as a measure for 
asymmetry. No study mentioned a distinctive asymmetry pattern for each unilateral 
cleft type, except Bell et al. [5] who did so for UCL and UCLP. Differences have always 
been compared to other cleft types and control groups, however, a distinctive asymmetry 
pattern within a cleft type may influence the overall visual subjective assessment of a face 
as Meyer-Marcotty et al. [2] did describe in their study comparing aesthetics of UCLP 
and Class III patients. Larger CLP groups will be needed to pinpoint this difference and 
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create means. 
 The time of assessment in the present study was chosen to be prior to alveolar 
bone grafting and orthodontic treatment for all cleft patients in order to avoid the 
influence of orthodontic treatment or the alveolar bone graft on the assessment of 
symmetry differences between the CLP group and controls. That means that the CLP 
patients in this study had only undergone primary lip closure and, when a palatal cleft 
was present, soft palate closure. Earlier studies have shown that this treatment protocol 
produced a favourable treatment outcome [20]. Nevertheless, we found significant 
differences in facial asymmetry of the whole face between controls and patients with 
a unilateral cleft defect that involved the hard tissues (UCLP and UCLA, see Table 3). 
These findings may suggest that the anatomical defect of the facial skeleton plays a major 
role in the asymmetry of the face. Treatment of the anatomical defect may improve 
asymmetry. Since palatal closure and alveolar bone graft procedures had not been done 
in the UCLA and UCLP group, it remains to be investigated whether these procedures 
do have an effect on asymmetry and facial appearance and demonstrate if differences 
between UCLP and UCLA, and between UCLP, UCLA and controls remain similar.
5.4.1 Limitations
The subsamples of UCL was too small for meaningful statistical comparisons. The 
wide confidence intervals show that differences are difficult to assess and it can only be 
speculated that our UCL patients resemble controls more than patients with UCLP and 
UCLA. As not much has been published about UCL only it would be interesting to see 
the results of studies with a higher number of patients in this group.  
 We used an overall mean score to assess the differences between cleft groups 
and controls. This may level out the asymmetry scores, because it does not show how 
asymmetry is distributed over a face, and higher asymmetry scores are levelled out by 
lower ones to create the mean [16, 21]. Therefore, we also divided the face in specific 
regions to better specify asymmetry. It may, however, still exclude or underrate smaller 
local areas in the face, which are better visualized in a facial colour coded distance map 
compared to a table full of calculations. 
 Three-dimensional measurements may give an impression of general 
maxillofacial growth in CLP patients. It may also help to quantify overall treatment 
outcome. Stereophotogrammetry could be a useful non-invasive technique to assess 
these changes. However, a generally accepted analysis method for CLP still needs to be 
developed [8].  This will be of value for evaluating treatment results and growth for larger 
patient groups and will probably help to explain treatment objectives and possibilities to 
the patient. Success of treatment is not only quantified by asymmetry scores, but also by 
patient’s wellbeing. A study comparing asymmetry scores and treatment outcome with 
quality of life assessments will be necessary. 
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5.5 CONCLUSION
Preadolescent children with UCLP show significantly more facial asymmetry than 
children without clefts, especially in the nasolabial area. Each type of unilateral cleft has 
its own distinct asymmetry pattern, which can be quantified with stereophotogrammetry. 
The nose is the most asymmetric in UCLA and UCLP patients whereas the chin is the 
most asymmetrical area in controls. 
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Abstract
Objectives: 
To determine the amount of deviation in nasolabial shape in patients with a cleft, 
compared with an average non-cleft face, and assess whether this difference was 
related to nasolabial esthetics. 
Subjects and methods: 
3D stereophotogrammetric images of 60 patients with a unilateral cleft (cleft lip, 
n=10; cleft lip and alveolus, n=23; cleft lip, alveolus, and palate, n=27) were used. 
To quantify shape differences, four average non-cleft faces were constructed from 
stereophotogrammetric images of 141 girls and 60 boys (both sexes ≤10.5 years 
and >10.5 years). Three-dimensional shape differences were calculated between 
superimposed cleft faces and the average non-cleft face for the same sex and age 
group. Nasolabial esthetics were rated with the modified Asher-McDade Aesthetic 
Index using a visual analogue scale (VAS). 
Results: 
Mean VAS scores (overall, nasal deviation, nasal form, nasal profile) ranged from 
51.44 (8.70) to 60.21 (8.41) for clefts, with lower esthetic ratings associated with 
increasing cleft severity. Shape differences were found between cleft faces and the 
average non-cleft face. No relation was found for the VAS, age, and sex, except that a 
lower VAS was related to a higher nose and lip distance between superimposed cleft 
and average non-cleft faces for nasal profile (p=0.02), but the explained variance 
was low (R2 = 0.066).
Conclusion:
Except for nasal profile, nasolabial esthetics were not influenced by the extent of 
shape differences from the average non-cleft face. 
Clinical relevance: 
Objective measurements for cleft treatment outcome may differ from patient’s 
satisfaction and esthetic rating. This complicates evaluating treatment outcome.
Nasolabial shape differences and esthetics in unilateral cleft lip and palate: A comparison 
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6.1 INTRODUCTION
The treatment of patients with cleft lip and palate (CLP) involves several surgeries aimed 
at anatomical, functional, and aesthetic correction of the congenital malformation. The 
ultimate treatment goal for these patients, however, must be to create a happy healthy 
individual whose deformity is not an issue in the patient’s personal life. Deviation from 
the average may affect the patient’s wellbeing; therefore, clinicians try to improve the 
patient’s appearance without cleft stigmata. Facial appearance plays a role in the social 
interactions between individuals and influences a person’s perception of others [1]. It 
may also influence the quality of life (QoL) of the affected person [2, 3, 4].
 However, deviation from the average is difficult to measure. The two-dimensional 
analysis of the face performed in the past is of limited value; while, a three-dimensional 
(3D) imaging technique is more adequate. Studies of facial asymmetry in patients with 
CLP using 3D imaging showed that asymmetry is most apparent in the center part of 
the face, including the nose, lips, and partly the midface [5,6,7]. Three-dimensional 
analysis using stereophotogrammetry showed that preadolescent children with different 
types of unilateral clefts have more facial asymmetry in the midface; whereas, controls 
show more asymmetry in the chin area [7]. When the unilateral cleft defect also involves 
bony structures, asymmetry in the midface is more outspoken [7].
 Patients without a cleft also show a wide range of asymmetry, yet no specific 
area seems to influence the esthetic rating of facial appearance [8,9]. In contrast, 
asymmetry in the nasolabial area in patients with a cleft was associated with a lower 
esthetic rating. However, it is not clear how the esthetics are related to deviations from 
a non-cleft reference face. A way to study shape differences between faces of patients 
with and without clefts is to construct a mean face of non-cleft individuals and then 
compare it with faces from patients with clefts. Using this method, the shape differences 
in the midface can be quantified. This could be very useful when attempting to improve 
the appearance of patients with orofacial clefts and avoid cleft stigmata. Therefore, we 
studied the null hypothesis that a larger deviation in nasal and labial shape is related to 
a worse esthetic nasolabial score in CLP patients. 
6.2 SUBJECTS AND METHODS
6.2.1 Patients
This study was conducted at the Cleft Palate Craniofacial Unit of Radboud University 
Medical Center Nijmegen. The study was performed in accordance with the Helsinki 
Declaration with regard to research in human subjects. The use of anonymous data 
gathered during routine patient care is in accordance with Dutch laws on medical 
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research. A written statement of the institutional review board (IRB) was obtained 
stating that this study does not fall within the remit of the Medical Research Involving 
Human Subjects Act (WMO).
 A total of 60 patients with a unilateral orofacial cleft, born between 1998 and 
2004, were included in the study. The inclusion criteria were: a) Caucasian; b) non-
syndromic complete unilateral cleft lip (UCL, n=10), unilateral complete cleft lip and 
alveolus (UCLA, n=23), or unilateral complete cleft lip, alveolus, and palate (UCLAP 
n=27); c) presence of 3D stereophotogrammetric images of the face at 9 to 11 years of 
age; and d) all treatments received at the same cleft center, according to the treatment 
protocol used until 2008 [10]. Lip closure (Millard technique) and primary nose 
correction (McComb technique) were done at the age of 6-8 months and soft palate 
closure (according to a modified Von Langenbeck procedure) at 12-14 months of age. 
These procedures were performed by two surgeons. Hard palate closure was done at 
9-11 years of age, at the same time as the bone grafting procedure for closure of the 
alveolar cleft, if present. All stereophotogrammetric images were obtained prior to the 
bone grafting procedure and hard palate palatoplasty.
 The patient sample was divided into two groups: ≤10.5 years old (range 8.6-
10.5) and >10.5 years old (range 10.6-12.3). The younger group consisted of 23 boys 
and 18 girls (8 UCL, 15 UCLA, and 18 UCLAP). The older group consisted of 14 boys 
and 5 girls (2 UCL, 8 UCLA, and 9 UCLAP). For comparison, a compound face was 
created from the control children (see below).  For the compound faces, patients (141 
girls, 62 boys) were selected from the files of the Department of Orthodontics at the 
Radboud University Medical Center, Nijmegen, The Netherlands and the Department 
of Orthodontics at the University of  Bern, Switzerland. Inclusion criteria were a) 
Caucasian and b) a maximum overjet of 6 mm. Exclusion criteria were a) congenital 
malformation, b) forced bite with lateral displacement of the mandible, c) juvenile 
idiopathic arthritis (JIA), d) impacted canines, and e) a negative overjet. 
6.2.2 3D image acquisition and processing
Three-dimensional facial images of patients and controls were taken with a 2-pod camera 
set-up for stereophotogrammetric imaging (3dMD face™ System, 3dMD LLC, Atlanta, 
GA, USA) under standardized conditions. Images were taken in natural head position 
and patients were asked to keep their eyes open and to relax their facial musculature. 
All images were taken by an experienced operator. All right-sided clefts were mirrored 
to ensure that, for calculations, all clefts were on the same side, e.g. the left side of the 
face. Confounding regions (neck, ears, and hair) in the images were removed using 
3dMDpatient v3.1.0.3 computer software (3dMD patient™ Software Platform, 3dMD 
LLC). The adjusted 3D photograph was imported into Maxilim® software (Medicim 
NV, Mechelen, Belgium).  
Nasolabial shape differences and esthetics in unilateral cleft lip and palate: A comparison 
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 The mean of 97 faces of girls and 41 faces of boys were used for the compound 
faces of girls and boys, respectively, older than 10.5 years (age range 10.6-12.10 years). 
The younger girl and boy (≤10.5 years, range 8.10-10.5 years) compound faces were 
created using the mean of 44 and 21 faces, respectively. The compound face was created as 
follows: the images were prealigned using five (left and right endo- and exocanthion and 
subnasale) landmarks and, if necessary, additional manual positioning was performed. 
The polygon meshes of the 3D stereophotogrammetric images of all controls of the 
same sex and age group were superimposed to create the four compound faces using an 
iterative closest point (ICP)-based algorithm [11, 12]. 
 For measuring shape differences between the compound face and the cleft 
faces, the faces in the 3D images were divided in nose and lip areas using the method 
described by Kuijpers et al. [7]. The chin and forehead were used by a surface registration 
algorithm (ICP) [12]. The areas of superposition were defined using a grid (Figure 6.1). 
A distance map was created between the compound face and cleft face. For each patient, 
the mean and the standard deviation for that distance map were used as the outcome. 
The measurements from the distance maps of nose and lips were imported into Matlab® 
software (7.4.0 (R2007a) Mathworks, Natick, MA, USA) to calculate the absolute mean 
distances and the 95th percentiles of the shape differences in the nasolabial area. 
Figure 6.1: 
Areas for superimposing each cleft face 
on the compound face. Yellow areas used 
for basic superimposition. 
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6.2.3 VAS scores
Nasolabial esthetic scores for the patients with a cleft were assessed by eight orthodontic 
residents (four men and four women; age range: 25–31 years) who had no experience 
with CLP treatment. Raters were instructed on how to manipulate the 3D image in 
all directions on the computer. They rated the nasolabial esthetics of the 3D images 
(Figure 6.2) with the modified Asher-McDade Aesthetic Index [13]. The index measures 
four nasolabial components: nasal form (NF), nasal deviation (ND), vermillion border 
(VB), and nasolabial profile (NP). Since the VB of the Asher-McDade Index cannot be 
validated as a distance, we did not use this component in the comparison. In addition, 
a 100-mm visual analogue scale (VAS) was used for all components [9], instead of the 
original five-point scale. The mean VAS score of the three nasolabial components (NF, 
ND, NP) was used as the overall esthetic score. Intra-rater and inter-rater reliability were 
assessed as described previously [9].
Figure 6.2: 
Nasolabial 3D-stereophogrammetric 
image used for esthetic rating. This image 
could be manipulated in all directions.
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6.2.4 Statistical analysis
Absolute distance values between the superimposed surfaces of the cleft and compound 
faces were calculated for the nose, lips, and nose and lips combined. Descriptive statistics 
were used to define differences between the cleft and compound faces regarding the 
lip and nose on the cleft and non-cleft side. Scatter plots were made for the above-
mentioned VAS scores and absolute distances per cleft type to assess if the relationship 
between the two was dependent on the cleft type and if all cleft types could be combined 
in the regression analysis. A regression analysis was performed for the mean VAS for NF 
and absolute distance of the complete nose, the mean VAS for ND and absolute distance 
of the complete nose, the mean VAS for NP and absolute distance of the complete nose, 
and mean VAS score for the NF-ND-NP and absolute distance of the complete nose 
and lip. The distances were the dependent variable in all four analyses and the VAS score 
was used as an independent variable. As age and sex can be potential confounders, they 
were corrected for by adding them to the model as independent variables. 
6.3 RESULTS
The mean esthetic scores for the three nasolabial components (NF, ND, NP) and the 
overall esthetic score in subjects with UCL, UCLA, and UCLAP are presented in 
Table 6.1.  The mean overall esthetic scores (mean VAS NF-ND-NP) ranged for the 
three cleft groups from 51.44 (sd 8.70) to 60.21 (sd 8.41), with a lower esthetic rating 
corresponding with increasing cleft severity. The same pattern was observed for the three 
esthetic components of the nose separately. The mean distances between the cleft and 
compound non-cleft faces for the three different cleft types and two age groups are 
presented in Table 6.2. The largest shape differences, which were mostly >4.0 mm in 
both age groups, were found for the combined nasolabial area. The mean of the standard 
deviations were high (Age ≤10.5 years: range 3.06-3.44 mm; Age >10.5 years: range 
2.53 to 3.60 mm).
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Table 6.1: 
Mean VAS-scores for three nasolabial components (NF=nasal form; ND=nasal deviation; NP=nasolabial profile) 
and overall esthetic score in subjects with UCL, UCLA, and UCLP.
95% confidence 
interval for mean
N Mean SD Lower Upper minimum maximum
Mean VAS NF UCL
UCLA
UCLAP
Total
   
10
23
27
60
62.11
56.59
50.82
54.91
7.84
15.63
12.34
13.61
65.51
49.84
45.93
51.40
67.72
63.35
55.70
58.43
50.0
22.3
26.4
22.3
73.8
79.8
76.3
79.8
Mean VAS ND UCL
UCLA
UCLAP
Total
   
10
23
27
60
61.75
58.42
53.39
56.72
8.65
12.82
9.76
11.19
55.56
52.88
49.53
53.82
67.94
63.97
57.26
59.60
45.5
35.0
36.6
35.0
75.4
78.8
73.8
78.8
Mean VAS NP UCL
UCLA
UCLAP
Total
   
10
23
27
60
65.76
54.82
50.13
53.03
12.24
14.87
9.88
12.48
48.00
48.39
46.22
49.81
65.52
61.24
54.03
56.25
36.3
14.6
30.4
14.6
71.6
73.1
65.9
73.1
Mean VAS ND_
NF_NP
UCL
UCLA
UCLAP
Total
10
23
27
60
60.21
56.61
51.44
54.89
8.41
12.90
8.79
10.87
54.19
51.03
47.97
52.08
66.22
62.19
54.92
57.70
44.1
27.6
37.2
27.6
72.7
73.6
71.9
73.6
Table 6.2: 
Mean and standard deviation of the mean absolute distances between the cleft and compound non-cleft faces 
(in mm) for the three different cleft types and two age groups. Mean of the standard deviations and sd of the 
standard deviations are given.
Age ≤ 10.5 yr Age  > 10.5 yr
Mean of distance 
map
SD of distance 
map
Mean of distance 
map
SD of distance 
map
N mean sd mean sd N mean sd mean sd
Nose UCL 8 2.16 0.67 1.47 0.44 2 1.73 0.46 1.38 0.50
UCLA 15 2.15 0.89 1.58 0.50 8 2.12 0.36 1.35 0.14
UCLAP
   
18 1.99 0.60 1.71 0.62 9 2.19 0.72 1.68 0.46
Lip UCL 8 2.64 1.22 1.54 0.73 2 1.48 0.26 1.13 0.16
UCLA 15 2.26 0.79 1.53 0.47 8 2.52 0.89 1.71 0.42
UCLAP
   
18 2.63 1.08 1.58 0.55 9 3.01 1.47 1.82 0.75
Nose 
+ Lip
UCL 8 4.64 1.52 3.06 0.91 2 3.22 0.69 2.53 0.68
UCLA 15 4.36 1.42 3.19 0.72 8 4.52 0.59 3.11 0.48
UCLAP 18 4.38 1.24 3.44 1.02 9 4.82 1.63 3.60 1.02
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We used scatter plots to analyze whether the relationship between the 3D-score (the 
absolute distance between the cleft and compound face) and the VAS score depended 
on the cleft type (Figure 6.3). The scatter plots showed that the relation between the two 
was not influenced by the cleft type; hence, the results of all cleft types were grouped 
together for further analysis. 
 The results of the regression analysis are shown in Table 6.3. The overall esthetic 
Figure 6.3: 
Scatter plots showing the correlation between the VAS and the absolute deviations of the cleft patients (3D 
score). No correlation was visible. Scatter plots of (A) the overall esthetic VAS vs. the 3D score for the nose and 
lip, (B) nasal form VAS vs. the 3D score of the nose, (C) nasal deviation and form VAS vs. the 3D score for the 
nose, and (D) nasolabial profile VAS vs. the 3D score for the nose in UCL (left), UCLA (center), and UCLAP (right) 
patients.
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score, sex, and age had no influence on the absolute distance of the deviations of the 
nose and upper lip, and the VAS scores for NF and ND were not related to the absolute 
distance of the deviations of the nose. The only significant relationship was for the VAS 
for NP, a lower VAS score for NP was associated with a higher absolute distance for the 
deviation of the nose and lips, but the explained variance was very low (R2 = 0.066).
Table 6.3: 
Results of regression analyses using the mean VAS for different components of the nasolabial region, sex, and age 
as independent variables, and the absolute distance between the compound face of non-cleft individuals and the 
superimposed cleft face as the dependent variable.
Estimate of effects
Dependent 
variable
Independent variable effect 95% CI p Adjusted R2
Absolute 
distance nose 
and lip
constant 5.648 [3.833…. 7.463] <0.001
Mean VAS NP. NF.ND -0.018 [-0.049… 0.013] 0.250
Sex -0.401 [-1.103… 0.300] 0.257
Age 0.154 [-0.580... 0.887] 0.677
-0.005
   
Absolute 
distance nose 
and lip
constant 6.289 [4.809… 7.770] <0.001
Mean VAS NP -0.031 [-0.057 … -0.005] 0.020
Sex -0.374 [-1.051... 0.303] 0.273
Age 0.174 [-0.533... 0.881] 0.624
0.066
   
Absolute 
distance nose
constant 2.300 [1.537….3.064] <0.001
VAS NF -0.001 [-0.014… 0.012] 0.893
Sex -0.293 [-0.667… 0.052] 0.093
Age 0.086 [-0.290... 0.046] 0.650
0.000
   
Absolute 
distance nose
constant 2.553 [1.606…3.500] <0.001
VAS ND -0.005 [-0.021… 0.010] 0.507
Sex -0.315 [-0.674… 0.044] 0.084
Age 0.080 [-0.294... 0.455] 0.669
0.007
   
Absolute 
distance nose
constant 2.414 [1.536….3.292] <0.001
Mean VAS NF and ND -0.003 [-0.017… 0.012] 0.698
Sex -0.309 [-0.669… 0.050] 0.090
Age 0.083 [-0.293... 0.459] 0.659
0.002
Nasolabial shape differences and esthetics in unilateral cleft lip and palate: A comparison 
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6.4 DISCUSSION
The goal of cleft lip and palate treatment is to restore the anatomy and function of the 
oral facial region and create a facial appearance that is as normal as possible, with the 
least cleft stigmata. To determine the deviation from the average, we compared cleft faces 
with 3D compound faces of non-cleft individuals for boys and girls of two age groups. 
Multiple compound faces were used because potential differences in facial morphology 
between sexes and ages have been demonstrated [14,15] and facial growth deformities in 
the cleft group may express differently over time. The rationale to divide the sample into 
“younger” and “older” groups was that differences in facial morphology before pubertal 
growth for boys and girls are minimal, but may occur in the older age groups. Therefore, 
a cut-off age of 10.5 years was chosen.
 The method we used in this study to create the compound faces, based on 
3D-stereophotogrammetic images, was described by Kau et al. [14, 15] and has been 
used in several studies [16, 17, 18]. However, most of these studies were performed 
in adult patients.  A systematic review comparing different 3D-imaging techniques 
demonstrated that 3D-stereophotogrammetry in younger children is a reliable an 
accurate method to quantify soft tissue based facial dimensions [19]. However, non-
cleft compound faces still have to be developed for a wide range of different age groups 
and ethnicities to assess, on an individual patient level, how the face of a patient with a 
cleft differs from a mean non-cleft face. 
 We used the compound faces to address our research question: Whether a 
larger deviation in nasal and labial shape is associated with a worse esthetic score for the 
nasolabial region in patients with CLP? A previous study showed an increase in VAS 
scores, meaning better esthetics, when the symmetry of the nasolabial area increased [9]. 
However, in that study, a quantitative assessment of the asymmetry in the nasolabial 
area was only done for cleft faces and not for non-cleft faces. In a follow-up study 
using 3D stereophotogrammetry, we showed that preadolescent children with unilateral 
clefts show significantly more facial asymmetry than children without clefts, especially 
in the nasolabial area. The nose was the most asymmetric region in UCLA and UCLAP 
patients [7]. In the present study, we quantified the shape differences of the nasolabial 
area by comparing cleft faces with a mean compound face of boys and girls of two 
age groups to investigate whether the shape difference would affect aesthetic ratings. 
Superimposing the cleft faces on the compound faces was done by surface registration. 
As most differences were expected in the nasolabial area, superimposition was done on 
regions outside this area. Surface registration is facilitated when using curvatures in a 
face as far as possible from each other; therefore, the eyebrow region was used together 
with the chin.
 We did find shape differences in the nose and lips compared with non-cleft 
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controls. These differences, however, did not affect the VAS esthetic rating, except for 
the nasal profile. In our study, we did not include the vermilion border scoring used in 
the Asher-McDade Aesthetic index, because vermilion border cannot be measured as a 
shape difference. This may have changed the mean VAS slightly. However, nasal shape 
seems to have the greatest impact on satisfaction with the result [5, 20, 21]; therefore, 
excluding the vermillion border may be of minor importance. We used the Asher-
McDade Aesthetic Index because it is considered superior to other systems in non-
syndromic CLP [22]. Instead of the 5-point scale used in the original Asher-McDade 
Aesthetic Index we decided to use a VAS as we felt this was more reliable and sensitive 
than a categorical scale [23, 24]. Ratings were done by postgraduates who had just 
started their training in orthodontics. Even though they had not been involved in cleft 
palate treatment, their dental background may have an influence on the VAS. However, 
a recent systematic review concluded that it still remains unclear whether professionals 
and laypersons rate the facial appearance of patients with clefts differently [23]. Some 
studies show that professionals are more critical [25]; whereas, others show the opposite 
[26]. Thus, the background of our layperson group probably did not affect the VAS 
results.  
 No correlation was found between the esthetic rating and the magnitude of 
the shape difference between patients with clefts and controls. In 2016, Kaipainen et al. 
[8] assessed the amount of facial asymmetry in non-cleft individuals and tried to clarify 
the relationship with facial attractiveness. They found comparable results to our study, 
i.e. they were not able to show an effect of asymmetry on facial appearance. This is in 
contrast to Meyer-Marcotty et al. [27] who found lower esthetic scores when asymmetry 
was present in the midfacial area; while, asymmetry in the outer regions of the face 
had less influence on esthetic scores. This may, however, be influenced by the scoring 
method. In the study of Meyer-Marcotty et al [27], the whole face was visible; whereas 
in our study, esthetic ratings were performed on the nasolabial area without showing 
the rest of the face. As our focus was on nasolabial esthetics, we eliminated other facial 
features from the 3D-stereophotogrammetric images. In all earlier mentioned studies, 
esthetics was measured on static records. However, facial esthetics can be different at rest 
and during function. Four-dimensional stereophotogrammetry could provide further 
insights because functional facial differences between patients with clefts and controls 
may become apparent with this method [28]. Further studies must be performed to 
understand the complex relationship between facial morphology and esthetics. 
 There are some limitations to our study. The number of patients with a cleft 
lip only was small and differences from the average face should be interpreted with 
caution. Both patients and raters were Caucasian in this study. We were not able to 
create a compound non-cleft face for other ethnic groups due to a lack of data. We 
decided to exclude all other ethnicities from the patient group as studies using 3D 
Nasolabial shape differences and esthetics in unilateral cleft lip and palate: A comparison 
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soft tissue imaging have shown differences in facial morphology between ethnic groups 
[29]. The compound faces were created using the ICP algorithm [30]. This was to 
minimize outlying points [12]. We chose to divide the control group in two different 
age groups, because we expected differences between ages in facial morphology. This 
resulted in a smaller sample per age from which the average faces were developed, 
which may have influenced the range of shape differences.  Our focus was on nasolabial 
esthetics; therefore, other facial features were excluded from the scoring but this may 
have influenced the raters’ perceptions [23].  Furthermore, this was a scoring of esthetics 
on static 3D images. Esthetics may be perceived differently in 4D, for example during 
smiling and speaking [28].
6.5 CONCLUSIONS
Under the conditions of this study, we conclude that the perception of nasolabial 
esthetics is not influenced by the extend of shape differences from the average non-cleft 
face except for nasal profile. Thus, factors other than nasolabial deviation may influence 
the rating of nasolabial esthetics. Future research should focus on identifying these 
potential factors as they may contribute to higher treatment satisfaction of our patients.
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7.1 Introduction
Patients with cleft lip and/or palate undergo multidisciplinary team care administered 
at different stages from infancy into adulthood. It remains an uncertainty, however, 
which treatment modalities and protocols end up with the best treatment outcomes 
for these patients. Besides randomized controlled trials, intercentre comparisons may 
elucidate which treatment protocols may work best. Although such studies have helped 
to improve care [1, 2, 3], outcome research in cleft care remains complex, not only 
because there is a huge diversity in the types and severity of clefts but also since a child 
with a cleft is treated over a long period of time during growth [3, 4, 5]. 
 In single centre and multicentre treatment-oriented assessment of surgical and 
orthodontic outcome at different ages mainly 2-dimensional patient documentation 
has been used [1, 2]. However, recently 3-dimensional technology became more widely 
available, using stereophotogrammetry, CT or CBCT, digital dental casts and to a lesser 
extent MRI. Similar datasets from different centres must be available and clinicians 
should be familiar with different imaging modalities to make reliable judgements and 
comparisons with other centres. Simultaneously patient related outcome measures 
(PROMs) and patient reported experience measures (PREMs) have become more 
important for evaluation of treatment and treatment experience [3]. Considering the 
whole set of data that could be collected of patients with clefts, PROMs and PREMs 
help to define what is important to parents and patients, while 2-dimensional and 
3-dimensional imaging are mainly treatment-oriented data which may help the clinician 
with treatment planning, maxillofacial growth assessment and treatment evaluation. 
The latter data, however, may also play a role in PROMs. 
 This study describes the developments in 3-dimensional imaging and aims to 
identify specific possibilities for digital 3-dimensional imaging of the face in the treatment 
for patients with a cleft. Since the cleft deformity concerns different tissues - bone, soft 
tissue and dentition- we looked at tissue-related aspects of the evaluation. Some clinical 
applications were investigated, and we would like to suggest which imaging techniques 
are useful in the evaluation of cleft care. 
The following questions had to be answered:
 Research question 1: Which 3D imaging methods are currently available that 
enable a quantitative analysis of facial soft tissues, velopharyngeal function and airway, 
skeletal morphology and dentition in patients with cleft lip and/or palate? (Chapter 2)
 Research question 2: Are there incidental findings that can be expected and that 
should be addressed in patients with cleft lip and/or palate, when a CBCT is available 
for treatment planning and evaluation? (Chapter 3)
 Research question 3: Can 3D digital models be used for treatment evaluation 
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and assessment of maxillary development instead of plaster models or pictures of the 
plaster models when applying the EUROCRAN index? (Chapter 4)
 Research question 4: Can facial asymmetry and distribution of asymmetry be 
assessed using stereophotogrammetry of the face in non-cleft individuals compared to 
patients with different types of unilateral clefts? (Chapter 5)
 Research question 5: Can compound faces derived from stereophotogrammetric 
images of non-cleft individuals be used to quantify a shape difference in the naso-labial 
region between faces with an orofacial cleft and non-cleft faces and is such a shape 
difference related to the aesthetic rating of the face? (Chapter 6)
 In the following paragraphs, methodological issues and main findings of this 
thesis will be discussed per research question. The last part of chapter 7 will focus on 
future developments and recommendations. 
7.2 Research question 1: Which 3D imaging methods are currently 
available that enable a quantitative analysis of facial soft tissues, velop-
haryngeal function and airway, skeletal morphology, and dentition in 
patients with cleft lip and/or palate? (chapter 2) 
We started with a systematic review (Chapter 2) in which usage of 3D technologies 
and their value in cleft palate treatment were investigated [6]. It was found that many 
publications about 3D technologies were already available and since the publication 
of our systematic review in 2014 more publications in the field of cleft lip and palate 
appeared on a steady basis showing the interest in this topic. 
 To assess the methodological quality of the included studies in our systematic 
review it was challenging to find the most appropriate quality assessment tool, because 
the majority of the studies was observational in nature while most grading tools were 
developed for randomized controlled trials. Many different topics and outcomes were 
addressed in the included studies. We assessed the quality for each study separately. 
Currently the GRADE approach (Grading of Recommendations Assessment, 
Development and Evaluation) [7] is often used in systematic reviews to evaluate the 
evidence level in a more integrated way. GRADE takes into account the quality of 
evidence of all studies per outcome measure, and not per study separately. This may give 
a different perspective to the conclusion. By applying the GRADE, the level of evidence 
would be downgraded to very low due to methodological issues, bias and low patient 
numbers. Especially in studies on patients with clefts, some methodological quality 
criteria remain difficult to achieve including a randomized controlled study design, 
blinding of patients and operators and small sample sizes, resulting in down-grading 
because of study limitations and imprecision. 
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Our systematic review showed that stereophotogrammetry and laser surface scanning are 
reliable methods for objectively evaluating soft tissue changes, asymmetry and differences 
between faces. For evaluating aesthetics, however, raters need to be familiarized with 3D 
images before using them for evaluation. This technique may help to evaluate the effects 
of maxillofacial growth in patients and to evaluate changes due to treatment. In patients 
with orofacial clefts, most studies using stereophotogrammetry use the technique for 
evaluation of before and after treatment status. These studies do not describe the use 
of 3D-stereophotogrammetry for 3D planning of surgical treatment in patients with 
clefts. In non-cleft individuals the technique has already been explored for planning 
of maxillofacial surgical procedures or nasal surgery towards a soft tissue profile in 
concordance to ‘ideal‘ 3D norms [8]. It would also be interesting to investigate whether 
better surgical results, especially reducing visibility of cleft stigmata, could be achieved 
when surgical planning would be performed based on this 3D technology. 
 CT and CBCT were mainly used for planning and evaluation of bone grafting 
procedures of the alveolar process and orthognathic surgery. Furthermore, anatomical 
variations or abnormalities and the dentition have been assessed with these imaging 
techniques. They were also used to examine size and volumes of the pharyngeal airway. 
MRI however seemed to be the better method to evaluate velopharyngeal function and 
airway [6]. The SEDENTEXCT Consortium found usage of CBCT in dentistry for 
cleft lip and palate patients acceptable especially when being an alternative to CT [9]. 
Our review showed that CBCT could be a preferred method for planning of the bone 
grafting procedure and other surgical procedures. More recent articles focused on the 
importance of size of the alveolar cleft and of the position of adjacent roots. CBCT was 
found to be more informative than an panoramic X-ray for this purpose [10, 11]. Our 
review only focused on patients with orofacial clefts. As patient numbers are small it is 
to be expected that developments concerning surgical planning with CBCT for other 
patient groups are transferred to cleft palate treatment as well.
 When taking the ALARA principles into consideration, making a CBCT to 
examine the dentition for orthodontic reasons is not justifiable. We did not identify any 
study in cleft palate treatment showing that information from a CBCT has a significant 
impact on treatment planning for the orthodontist. However, we do know that in 
regular orthodontics 3D information from a CBCT may change treatment plans in case 
of impacted canines [12, 13]. As this is a condition that is frequently seen in patients 
with a cleft of the alveolus this might be a reason to make a CBCT if not made yet for 
the bone grafting procedure.
 Digital 3D models seem to be a good alternative to plaster casts for assessment 
of treatment outcome and arch width. However, studies also showed that scoring with 
a yardstick can also be done with 2D pictures of the plaster casts, instead of plaster 
casts. Reliable scoring of palatal morphology still remains difficult and until a more 
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reliable method has been developed it is not recommended to add scoring of palatal 
morphology as an outcome measure in any format [14, 15]. 
 The included publications in this systematic review show that composing 
smaller or larger databases in 3D is still the main goal of research. We must admit that 
part of our own research also concerned collecting data. Practical usage of these data in 
daily clinic is still limited without clear guidelines when to use a certain technique and 
what value that technology has for which purposes in cleft lip and palate treatment. Our 
focus in this review was on 3D techniques used in patients with clefts. This may have 
masked the evidence for usage of these techniques as they may have been proven to be 
useful in other patient populations. Since the last literature search in our systematic 
review (September 30, 2012) the number of publications using 3D imaging techniques 
in CLP treatment has increased (Figure 7.1) but usage is mostly still as mentioned in 
our publication about the current status of 3D imaging techniques (Chapter 2). A new 
literature search [date: 24-1-2018] showed that radiological techniques (CBCT and 
CT) are used to evaluate treatment (bone transplant, nose and maxillofacial surgery) 
and teeth, and to provide more insight into the facial morphology (bone and soft tissue) 
and the volume of the nasopharyngeal airway. MRI is the alternative for the latter 
measurements next to assessment of velopharyngeal function. MRI is further used for 
diagnosing differences in anatomy and function of the brain in CLP and syndromes. 
CBCT, CT, MRI and 3D ultrasound have been used for diagnostics of typical features 
in patients with craniofacial syndromes as mainly described in case reports.
Figure 7.1: 
Number of publications concerning 3D imaging procedures in patients with a cleft.
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7.3	 Research	question	2:	Are	there	incidental	findings	that	can	be	
expected and that should be addressed in patients with cleft lip and/or 
palate, when a CBCT is available for treatment planning and evaluation? 
(chapter 3)
CBCT is now commonly used in patients with clefts by specialists from different 
disciplines. This carries the risk that other findings within the field of view but outside 
the field of interest of the specialist are overlooked. Therefore, we wanted to find out 
whether findings outside the region of interest and specific cleft related findings should 
be considered when reading a CBCT [16]. There was no study yet that indicated that 
different findings could be expected in cleft lip and/or palate patients as compared to 
patients without orofacial clefts. A control group of patients without a cleft with a 
CBCT in the same age range (<11 years) was not available in our study and therefore 
comparisons with other studies with different age ranges had to be made. This made 
interpretation of the results more difficult. Assessment of the inner ear, an anatomical 
area in which more problems can be expected for patients with a cleft lip and palate 
or isolated cleft palate, is usually not considered. Only a publication from 2013 [17] 
reported 30% ear findings on CBCT in an orthodontic patient population (mean 14.5 
years, SD 6.6 years) of which 9 presented with an ENT problem (6.7%). This is a slightly 
lower percentage than in our population. Sinus findings and dental findings still appear 
to be higher than in non-cleft populations of the same age groups. Another frequent 
finding was a nasal septum deviation which is also a cleft related feature. However due to 
different prevalence figures found in other populations, it remains a discussion whether 
this is higher than normal [17, 18, 19]. 
 Because the two assessors in this study had a different background - one 
radiologist, the other orthodontist - some findings may have been misinterpreted or 
missed, because of unfamiliarity with possible findings. Therefore, these patients were 
referred to other specialists within the cleft palate team. It does show the need for either 
a specialized craniofacial radiologist to read all CBCT scans or a structured evaluation of 
the CBCT scan by all specialists of the cleft palate team. The specialist ordering a CBCT 
should be aware of findings outside his own field of interest determined by his medical 
or dental discipline. Involvement of the team in evaluating the scan, however, may be 
hampered by practical issues like digital availability of all CBCT scans for all specialists, 
lack of an alert that a CBCT is present for a certain patient and time constraints. 
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7.4 Research question 3: Can 3D digital models be used for treatment 
evaluation and assessment of maxillary development instead of plaster 
models or pictures of the plaster models when applying the EUROCRAN 
index? (chapter 4)
Our study showed that 2D pictures of plaster models can be used instead of plaster 
models to apply the EUROCRAN index and this finding can make intercentre 
comparative studies easier and less costly. This was not a new concept as studies on 
the GOSLON yardstick, the 5-year-old index and the modified Huddart/Bodemham 
(MHB) scoring method showed comparable results [20, 21, 22, 23]. Which index is 
the best remains a topic of discussion. Altalibi et al. [22] prefer the MHB, because no 
calibration is needed, whereas Jones et al. [15] state that the GOSLON yardstick is still 
the preferred one to use in 10-year-olds. In the present study the EUROCRAN index 
was investigated because this index had been developed in recent years to rate treatment 
outcomes for cleft lip and/or palate patients that are generally better than in the older 
samples on which the earlier indices were developed more than 30 years ago. The use of 
fewer grades for dental arch relationship (DAR) in the EUROCRAN index still makes 
distinction between outcomes possible. Even though a palatal morphology (PM) score 
was added in the EUROCRAN index - because the state of the scar tissue may be related 
to maxillary growth disturbance - it appeared that this was difficult to score reliably in all 
formats. Since the majority of the raters was experienced in cleft lip and palate treatment 
and all raters were calibrated, differences with earlier studies applying the EUROCRAN 
index [24, 25] may be due to differences in the patient population and the quality of 
the models that were used. Maybe the range of palatal morphological differences was 
small making it difficult to assign a score from 1 to 3 to the morphology, but palatal 
morphology may also have been more complicated to judge due to the presence of a 
dressing gauze to cover a palatal fistula when taking the impression. Presence of a fistula 
is not part of the scoring index, yet may be added to define success of treatment. Also, 
when using the EUROCRAN index palatal height should be defined more precisely. 
A second photograph that shows palatal height could be added for scoring. Yet palatal 
morphology may be best scored intra-orally, because irregularities, scar tissue and colour 
of the palatal tissue are directly noticed. This is however not possible when doing an 
intercentre comparison. It would be interesting to know whether 3D-images from 
intraoral scanning could be a better option since the colour scans may facilitate judging 
of palatal tissue morphology including defects e.g. fistula in the palate. In a clinical 
validation study in non-cleft adults it has been demonstrated that an intra-oral scan 
provides an objective and accurate image of the soft tissue covering the hard palate in 
terms of colour, shape and curvature [26]. Whether it is possible to perform a palatal 
morphology score on these images remains to be investigated. Nevertheless, for the 
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moment the EUROCRAN index, and especially the palatal morphology score, does not 
seem to be the preferred index to rate treatment outcome in cleft lip and palate neither 
for its user-friendliness, nor for its validity or predictive value for maxillary growth.
7.5 Research question 4: Can facial asymmetry and distribution of 
asymmetry be assessed using stereophotogrammetry of the face in non-
cleft	individuals	compared	to	patients	with	different	types	of	unilateral	
clefts? (chapter 5)
Using stereophotogrammetry it was found that the most asymmetrical area in children 
without clefts was the chin while the nose was the most asymmetrical area in patients 
with a unilateral cleft. The asymmetry pattern was even different for the different 
unilateral cleft types. Sample size unfortunately was limited for certain subgroups 
especially the isolated cleft lip group was small. Other studies show comparable yet also 
slightly different results for the same cleft groups. The difference with our study was that 
we used distance maps in contrast to landmark based measurements in other studies 
[27, 28, 29, 30, 31, 32, 33]. Using distance maps has the advantage to show differences 
in areas where landmarks are not identified. Visual inspection of the whole distance 
map or density plots showing the location of the greatest differences, may give the best 
impression of differences, but this method only allows for a qualitative assessment of 
asymmetries. 
 Differences between the unilateral cleft lip and alveolus group and the unilateral 
cleft lip, alveolus and palate groups were also found in other studies [31, 33, 34]. 
Difficulties in comparing results lies in methodology but also in different treatment 
protocol as well as in the cleft types included in studies. Differences in timing of the 
alveolar bone grafting and closure of the palate may show different results. The patients 
in our group were treated according to a protocol that included a late hard palate closure, 
occurring at the same time as the bone grafting, around 9 years of age. The patients in 
our sample did not have these operations yet. It would be interesting to know whether 
late hard palate closure influences the soft tissue envelop or not. In our centre the hard 
palate is currently closed earlier than in the past, at the age of 3 (since 2008). It would 
be interesting to compare the results of early and late palatal closure regarding facial 
asymmetry and maxillary growth effects using stereophotogrammetry. Unfortunately, 
longitudinal follow up in 3D for the late palatal closure group is not available in our 
centre, because stereophotogrammetry in our centre was only available since 2006. 
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7.6  Research question 5:  Can compound faces derived from stereopho-
to-grammetric images of non-cleft individuals be used to quantify a shape 
difference	in	the	nasolabial	region	between	faces	with	a	unilateral	cleft	lip	
and/or	palate	and	non-cleft	faces	and	is	such	a	shape	difference	related	to	
the aesthetic rating of the face? (chapter 6)
Compound faces for different age groups and ethnicities are a representation of normal 
facial morphology and they may show where possibilities in treatment may lie. Because 
we wanted to create compound faces for control males and females separately and 
for different age groups, the creation of our mean faces was limited by the number of 
individuals available in those age groups. The technique is photographer sensitive and 
it is a challenge to achieve a standardized 3D image especially in babies and young 
children. For this age group it is important to have an experienced photographer who 
can deal with young children, otherwise pictures may show a large variability in facial 
expressions, open lip position, and other deficiencies that hamper their use. From studies 
in our 3D-lab we have learned that it advisable in babies to make a series of pictures at 
each occasion to select the best image for research purposes [35].   
 It appeared that in cleft patients only the aesthetic score for nasal profile was 
related to the amount of deviation from the compound faces. However, the explained 
variance was very low (R2 = 0.066). All patients had a unilateral cleft but the extent 
of the cleft did not affect the aesthetic score. We did not assess facial aesthetics of the 
controls at the same age as it was beyond the scope of our research question. In an 
older age group composed of orthodontic (non-cleft) patients, Kaipainen et al. [36] 
did not find a relation between asymmetry and facial attractiveness, but their methods 
were different and they only used a VAS to rate attractiveness. Only minor asymmetry 
was present in the subjects in their study, and asymmetry of this magnitude probably 
does not influence facial attractiveness. Furthermore, their findings were not related to 
the nasal and labial area as the whole face was included. It appears however from other 
studies [37, 38, 39] that the nasolabial area seems to be an area of focus in patients with 
a cleft and not in patients without a cleft. It is still debatable if cropped pictures or full-
face pictures should be used to rate nasolabial aesthetics [39, 40]. Results for assessing 
aesthetics on 2D or 3D images also seem to give conflicting results [41, 42], however, to 
measure asymmetry 3D stereophotogrammetry seems the most valid method. 
 We did not find a direct relationship between nasolabial aesthetics and the 
amount of deviation of nasolabial shape from the compound non-cleft nasolabial 
shape. It is possible that our method was not sensitive enough to detect the amount 
of deviation of an individual nasolabial shape from the compound non-cleft nasolabial 
shape. However, the shape differences were mostly > 4.0 mm in both age groups for the 
combined nasolabial area and > 2 mm for lip and nose separately, so it seems unlikely 
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that this is a reason. Thus, factors other than nasolabial deviation may influence the 
rating of nasolabial aesthetics.
 In the present study we scored nasolabial aesthetics of the patients with a 
cleft according to the modified Asher-McDade Aesthetic Index [43]. This scoring is 
a treatment oriented measure of clinical outcome for professionals, however, when 
applying patient related outcome measures (PROMs), there may be a disparity in what 
is considered to be a good surgical result and what makes the patient happy [44]. No 
association between objective measurements and patient satisfaction has been established 
yet. With this uncertainty in mind it is challenging to define a treatment goal for surgical 
outcome.
7.7 Future perspectives
Currently there is a switch noticeable from 2D to 3D facial imaging and 3D methods used 
to evaluate treatment outcome, occlusion, maxillary growth and development seem to be 
valid methods to make this switch. Two-dimensional and 3-dimensional imaging may 
help the clinician in the diagnosis, treatment planning, maxillofacial growth assessment 
and treatment evaluation. Large-scale intercentre studies like Eurocleft in North-western 
Europe [1] and Americleft in the United States [2] have been conducted to compare 
treatment outcome between centres and this has given a boost to improvement of clinical 
care. These studies made suggestions for collecting data to continue evaluation studies. 
International organizations like the World health Organization (WHO), International 
Consortium for Health Outcome Measurement (ICHOM), the American Cleft Palate 
Craniofacial Association (ACPA), the National Health Service (NHS) in the United 
Kingdom, and the European Committee for Standardization (CEN, French: Comité 
Européen de Normalisation) [45-49] have also made an effort to propose standard record 
sets to facilitate treatment evaluation and intercentre comparisons. The suggested record 
set of the majority of these studies and organizations (Table 7.1) originates from the 
Eurocleft study and it is a 2D-based documentation set aimed at longitudinal follow-up 
of maxillofacial growth and facial appearance outcome. The only 3-dimensional records 
are the sets of plaster casts to evaluate jaw relationship and dental arch development. 
The importance of patient reported outcome has been mentioned in the Eurocleft 
study [44], but usage of questionnaires for assessment of psychological wellbeing and 
patient satisfaction are not clearly specified. The turning point came with ICHOM that 
mainly bases outcome on patient-reported outcome measures and minimizes clinical 
data collection [46]. However, because of the disparity between patient satisfaction and 
objective (clinician based) treatment outcome [44, 50, 51] and because it is not clear 
what factor(s) influence(s) patient’s satisfaction with treatment, it seems sensible to 
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evaluate both types of treatment outcomes.
 The WHO stated in 2002 [45, 5] that more research into surgical techniques 
was necessary, but that patient satisfaction was also important. Therefore, research that 
relates techniques and surgical outcomes to patient satisfaction needs to be explored 
more. Based on this concept we propose a documentation set that is on one hand strongly 
inspired by the ICHOM data set, but on the other hand enables objective treatment 
outcome measures taking into account the latest developments in 3D-imaging. The 
proposed record set, called ICHOM+, is given in Table 7.1. The items listed in column 
7 must be read as an addition to the ICHOM set in column 6. 
 ICHOM uses different records and is mainly based on PROMs. These 
PROMs are assessed with patient questionnaires concerning facial, dental and jaw 
appearance, oral symptoms, eating and drinking difficulties, nasal breathing, social life, 
social functioning at school, psychosocial function and self-confidence, confidence in 
speaking, speech and speech intelligibility. This is quite a dataset and currently it is being 
discussed to reduce the number of questionnaires considering the burden of care for the 
patient. We suggest considering questionnaires before the bone graft, except for at least 
the psychosocial questionnaires. Further psychosocial and appearance assessment would 
be preferred before changing schools (in the Netherlands at the age of 12y). Alternatives 
to the PROMs in ICHOM may be used. However for intercentre evaluation a uniform 
validated dataset is preferred. Some PROMs of ICHOM can be compared with objective 
measurements like speech assessments and audiological evaluations, yet assessment of 
craniofacial growth seems to be underrepresented in the ICHOM records set. Only 
measuring overjet intraorally as a proxy for craniofacial growth does not seem the most 
valid outcome measure as transversal and vertical dimensions are completely lacking. 
Moreover, such clinical observations may complicate intercentre comparisons. To keep 
it manageable best seems to reduce time points for record taking and combine PROMs 
with other measurements and documentation.
 Indices to assess jaw relationship in patients with cleft lip and palate have been 
used for decades now and the present and other studies have shown that the format (2D 
or 3D) does not seem to matter in any of the indices used. Yet though some authors 
prefer the EUROCRAN index because of the scoring of palatal morphology and its 
development based on more recent surgical results [22, 52] others judged the index 
being not user friendly and its validity too low [15]. The modified Huddart-Bodenham 
(MHB) may be clinically applicable [53] while scoring is reliable without calibration 
of observers. It does however not measure the skeletal antero-posterior dimension. The 
5-year index and the GOSLON still are the preferred methods with best predictive value 
for growth [15]. To enable intercentre comparisons these records should be taken at 
standardized ages preferably when also orthodontic or surgical treatment is needed.
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As can be seen from table 7.1. in the ICHOM+ minimal documentation set, it is 
proposed to make 3D-stereophotogrammetric images alongside conventional extra-oral 
pictures. Stereophotogrammetry is a fast, patient friendly, reliable, and non-invasive 
method to quantitatively assess facial growth and post-operative soft tissue changes in 
cleft patients,  at no radiation risk, but the equipment is still expensive and transportation 
is cumbersome. In many CLP centres this technique is still not available. This is the 
reason that we propose for the time being to make both 2D and 3D images of the face 
to enable longitudinal research and intercentre comparisons. A recent development is 
the use of a handheld 3D-imaging system (Vectra® H1 3D Handheld Imaging System 
(Canfield Scientific, Parsippany, USA)) that has the format of a digital single lens reflex 
(D-SLR) camera with integrated lightning [54]. 
 In the future, static, 3D stereophotogrammetric imaging as described in this 
PhD-thesis may be replaced by dynamic four-dimensional stereophotogrammetric 
assessment of the face because the nasolabial region is rarely static during social 
interaction. Motion asymmetry could be more relevant than static asymmetry in rest 
to the perception of facial aesthetics during social interactions [55]. Four-dimensional 
stereophotogrammetry could therefor provide further insight into functional facial 
differences between patients with clefts and controls [56].  Portable 4D imaging devices 
have been developed (Intel Realsense F200, Intel, Santa Clara, USA) which makes 
capturing of 3D and 4D images more accessible in the future [57].
 Cephalometric radiographs are suggested at certain time points to evaluate 
maxillofacial growth and other 2D X-rays are recommended for evaluating the bone graft. 
Though evaluation at specific time points could be valuable to follow growth, currently, 
radiological guidelines suggest in accordance with ALARA principles that radiographs 
in children and young adults should be taken on indication and in conjunction with the 
next step of treatment, e.g. development of the dentition in relation to planning of the 
bone graft of the alveolar cleft as well as planning of the orthodontic treatment and/or 
maxillofacial surgical procedures. Our systematic review [6] has shown that CBCTs are 
mainly taken for orthodontic and surgical planning in relation to the bone graft and for 
orthognathic surgery. In case of the bone graft a CBCT gives more information about 
size of the cleft (and therefore the volume of the bone needed) and position of adjacent 
teeth than 2D radiographs [10, 11]. This could be a valid reason for making the CBCT. 
Zhou et al. [10] and Wriedt et al. [11] looked at acquired radiological information from 
a maxillofacial surgery point of view. Even though no studies are present in the literature 
showing that a CBCT may change the orthodontic treatment related to the bone graft, 
the position of the teeth adjacent to the cleft may well be a reason to take a CBCT 
from an orthodontic point of view.  A recent study in Belgium showed that patients 
with clefts receive a 3- to 5-fold higher radiation exposure due to dental radiological 
examinations than non-cleft patients, mainly due to more CT and CBCT scanning 
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in patients with clefts [58]. Therefore, the orthodontist and the surgeon should always 
discuss together which X-ray should be taken and when, in order to reduce the amount 
of radiation for their patients. Some studies in orthodontics have studied the possibility 
of using MRI [59, 60, 61], however it does not seem to replace the type of radiology 
needed for surgical planning yet. 
7.8 Final remarks
The research described in this PhD thesis was performed mainly from an orthodontic 
point of view on 3D facial imaging in patients with orofacial clefts. The craniofacial 
orthodontist monitors maxillofacial growth and dental development allowing for the 
right timing of treatment as well as for follow-up after treatment and assessment of 
final treatment outcome. Patients with an orofacial cleft are monitored from birth till 
adulthood and invasive treatment procedures are necessary to improve anatomy and 
function. Follow-up of this treatment combined with craniofacial growth is a long-term 
process.
 With the development of new 3D-imaging techniques we are able to plan and 
follow up in a different way than in the past. Intra-oral colour scanning is already widely 
available and will replace impression taking and the use of plaster casts. 3D and 4D 
stereophotogrammetry and MRI are promising no-radiation possibilities to evaluate the 
maxillofacial complex beyond the dentition. While stereophotogrammetry basically is 
a surface-based technique, MRI offers opportunities for the diagnosis of skeletal tissue, 
soft tissue and dental abnormalities. However, MRI is at present not yet easily accessible 
for these purposes and user and patient friendliness do need further improvement. 
For precise surgical planning and precision surgery, simulation of surgery and patient 
participation in this process as well as robotic surgery, 3D radiographic images are 
essential in combination with above mentioned non-radiological image modalities. 
However, in our excitement about technological advances we should not forget that the 
patient is our partner in his treatment. For the patient other values may be important. 
Therefore, research of the relationship between patient-reported outcomes like the 
ones proposed by ICHOM, and objectively measured outcomes (with 3D imaging) is 
recommended.
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SUMMARY
Cleft lip and/or cleft palate is a congenital malformation in humans, which comprises 
a heterogeneous group due to the large variety in the cleft phenotype. Patients undergo 
treatment by an interdisciplinary team of specialists from infancy to adulthood 
to correct anatomy, improve facial esthetics and restore function. There are many 
different treatment protocols and there is still uncertainty about which are the best. 
Therefore, evaluation of treatment outcomes following different treatment protocols 
remains important. For this purpose, in the past mainly information derived from two-
dimensional imaging modalities has been used next to information from plaster models, 
which is inherently three-dimensionally. However, current technology enables digital 
outcome assessment using three-dimensional imaging methods. This study describes the 
rise of three-dimensional imaging of the face and investigates some clinical possibilities 
for its use after birth. In chapter 1 the background and rationale of this PhD study are 
explained.
 In chapter 2 a systematic review was presented that aimed at identifying 3D 
imaging methods for quantitative assessment of soft tissue and skeletal morphology in 
patients with cleft lip and palate. We included publications using 3D imaging techniques 
to assess facial soft tissue or skeletal morphology in patients older than 5 years with a cleft 
lip with/or without cleft palate. We reviewed studies involving the facial region when 
at least 10 subjects in the sample had at least one cleft type. Independent extraction 
of data and quality assessments were performed by two observers. Five hundred full 
text publications were retrieved, 144 met the inclusion criteria, with 63 high quality 
studies. There were differences in study designs, topics studied, patient characteristics, 
and success measurements which hampered a meta-analysis of the collected data. Main 
3D-techniques that are used in cleft lip and palate patients are CT, CBCT, MRI, 
stereophotogrammetry, and laser surface scanning. These techniques are mainly used 
for soft tissue analysis, evaluation of bone grafting, and changes in the craniofacial 
skeleton. Digital dental casts are used to evaluate treatment and changes over time. We 
concluded that available evidence implies that 3D imaging methods can be used for 
documentation of CLP patients. No data are available yet showing that 3D methods 
are more informative than conventional 2D methods. Further research is warranted to 
elucidate that.
 In chapter 3 we presented a study on incidental findings on CBCTs in patients 
with OFC. CBCTs taken of consecutive patients with a non-syndromic orofacial cleft 
were systematically evaluated. Of these patients, 28 had their first CBCT after bone 
grafting.  The whole CBCT image meaning sinuses, nasopharynx, oropharynx, throat, 
skull, vertebrae, temporomandibular joint (TMJ), maxilla and mandible were checked 
for incidental findings. Besides the cleft in 95% of the patients incidental findings were 
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found. Most of these findings concerned sinus and airway findings, followed by dental 
findings, nasal septum deviation, ear related findings, abnormal temporomandibular 
joint and vertebral anatomy. Donor site of the alveolar bone graft was still recognizable 
in half of the patients. A tenth of the patients needed referral for further diagnosis and 
9% needed further dental treatment. Some findings in patients who were referred to 
other clinicians appeared to be related to cleft palate treatment. Together with the other 
findings in the craniofacial area it shows that the CBCT provides diagnostic information 
for all specialties involved in cleft palate treatment, and therefore the image should be 
reviewed by all specialists in de the CLP team. 
 In chapter 4 we described a study on the reliability of the application of the 
EUROCRAN index on 3D digital models or photographs of plaster models instead 
of using plaster models.  The EUROCRAN index has been used in intercenter studies 
to assess dental arch relationship and palatal morphology in children with unilateral 
cleft lip and palate (UCLP). The EUROCRAN reference models, which are used as 
anchor models in studies rating plaster casts, were presented in three formats: plaster 
models, 2D photographs of plaster models and 3D digital models. Plaster models, 2D 
photographs of plaster models and 3D digital models of 45 children with UCLP were 
rated by six calibrated observers in random order. The strength of agreement of the 
ratings was assessed as well concordance between observers. It appeared that dental 
arch relationship could be reliably assessed in all formats, Palatal morphology was more 
difficult to assess and the reliability was moderate to poor between raters and between 
formats. The overall results show that all formats - plaster models, 3D models and 2D 
pictures of plaster models -  can be used for intercenter treatment evaluation when the 
dental arch relationship is concerned. Palatal morphology is difficult to assess with the 
EUROCRAN index.
 In chapter 5 a study was described that investigated differences in facial 
morphology between non- cleft individuals and patients with a unilateral cleft using 
stereophotogrammetry. Standardized three-dimensional facial images of 58 patients (9 
UCL, 21 UCLA, and 28 UCLP and 121 controls were mirrored and distance maps were 
created for each subject. After that, absolute mean asymmetry values were calculated 
from distance maps for the whole face and for different areas (cheek, nose, lips and 
chin). Differences between clefts and controls for the whole face and separate areas were 
calculated. It appeared that clefts and controls differ significantly for the whole face as 
well as in all areas. Each group had its own distinct asymmetry pattern. Asymmetry of 
the nose was the most distinct feature in the cleft patients whereas the chin was most 
asymmetric in the control group. In the UCLP group the nose followed by the lips 
was the most asymmetric area. UCL and UCLA patients were closer to the asymmetry 
pattern of the control group. This study shows that differences between patients can be 
objectively measured using stereophotogrammetry. 
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 In chapter 6 we addressed the question whether the amount of deviation in 
nasal and labial shape is related to the rating of esthetics of the nasolabial area in patients 
with cleft lip and palate. Stereophotogrammetric images of 60 patients with a unilateral 
orofacial cleft (UCL n=10; UCLA n=23 and UCLP n=27), prior to bone grafting and 
hard palate closure, were used. Four average faces, girls and boys below 10.5 year, girls 
and boys above 10.5 year, were constructed of stereophotogrammetric images of 141 
girls and 60 boys without a cleft. Three-dimensional shape differences were calculated 
between the superimposed cleft faces and the average non-cleft face for the patient’s 
same sex and age group. Nasolabial esthetics rating was done on 3D images of the cleft 
patients using the modified Asher-McDade Aesthetic Index using a visual analogue scale 
(VAS). The mean overall esthetic scores (mean VAS, nasal deviation, nasal form, nasal 
profile) ranged from 51.44 (sd 8.70) to 60.21 (sd 8.41) for the three cleft groups, with 
lower esthetic ratings associated with increasing cleft severity. The same pattern was 
observed for the three esthetic components of the nose separately. As expected, shape 
differences were found between cleft faces and the average non-cleft face, independent 
of the cleft type. However, when relating these shape differences to VAS, no relation was 
found for the VAS, age, and sex, except that a lower VAS was related to a higher nose 
and lip distance in the nasal profile (p=0.02). Yet the explained variance was very low 
(R2 = 0.066). Except for the nasal profile, the nasolabial esthetics were not influenced 
by the extent of shape differences from the average non-cleft face. Thus, factors other 
than the amount of deviation from the non-cleft face may influence nasolabial esthetics 
in patients with clefts.
 In chapter 7 methodological issues and results are discussed for the 5 research 
questions addressed in this thesis. Currently there is a switch noticeable from 2D to 
3D facial imaging and 3D methods used to evaluate treatment outcome, occlusion, 
maxillary growth and development seem to be valid methods to justify this switch. 
Large-scale intercentre studies and International organizations like the International 
Consortium for Health Outcome Measurement (ICHOM) and the American Cleft 
Palate Craniofacial Association (ACPA) have also made an effort to propose standard 
record sets to facilitate treatment evaluation and intercentre comparisons but all still 
rely on 2D-based documentation sets extended with patient related outcome measures, 
PROMs (ICHOM). We propose a documentation set that on the one hand is strongly 
inspired by the ICHOM data set but at the same time enables objective treatment 
outcome measures taking into account the latest developments in 3D-imaging. 
Research of the relationship between patient-reported outcomes like the ones proposed 
by ICHOM, and objectively measured outcomes (with 3D imaging) is recommended.
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SAMENVATTING
Schisis is een aangeboren afwijking die een heterogene groep van fenotypische 
verschijningsvormen omvat. Patiënten worden behandeld door een interdisciplinair 
team van specialisten van geboorte tot volwassenheid om de anatomie en functie te 
herstellen en de gelaatsesthetiek te verbeteren. Er is een grote verscheidenheid aan 
behandelprotocollen, maar er is nog steeds niet duidelijk welke de beste zijn. Daarom 
blijft evaluatie van behandelresultaten van verschillende protocollen nog steeds 
belangrijk. Voor dit doel werd in het verleden hoofdzakelijk  informatie, afgeleid van 
tweedimensionale beelden (lichtfoto’s voor het gezicht en röntgenbeelden voor de 
tanden en botstructuren) gebruikt, naast driedimensionale informatie van gipsmodellen 
(voor het gebit). De huidige technologie maakt digitale evaluatie van behandelresultaten 
mogelijk met behulp van driedimensionale beeldvormende technieken voor zowel de 
weke delen, de botstructuren als ook de tanden. Het onderzoek in dit proefschrift gaat 
over aspecten van 3D beeldvormende technieken van gezicht en schedel en onderzoekt 
klinische mogelijkheden voor gebruik van deze technieken na de geboorte. In hoofdstuk 1 
worden achtergrond en beweegredenen voor het doen van dit onderzoek uitgelegd.
 In hoofdstuk 2 werd systematisch literatuuronderzoek gepresenteerd over het 
gebruik van 3D beeldvormende technieken voor kwantitieve evaluatie van de weke delen 
en de skelettale morfologie van patiënten met schisis. Publicaties over 3D beeldvormende 
technieken voor evaluatie van weke delen en skelettale morfologie, waarin tenminste 10 
patiënten ouder dan 5 jaar waren opgenomen, werden geïncludeerd. Vijfhonderd artikelen 
werden beoordeeld, waarvan 144 binnen de inclusiecriteria vielen; 63 onderzoeken 
waren van voldoende kwaliteit. Vanwege verschillen in onderzoeksopzet, onderzochte 
variabelen, type patiënt en manier van succes meten, was een meta-analyse van de data 
niet mogelijk. De 3D beeldvormende  technieken die bij schisis hoofdzakelijk worden 
gebruikt zijn CT, CBCT, MRI, stereofotogrammetrie en oppervlakte laserscanning. Ze 
werden gebruikt voor analyse van de weke delen, evaluatie van het bottransplantaat en 
veranderingen in schedel en aangezicht. Digitale gebitsmodellen werden gebruikt voor 
evaluatie van de behandeling en veranderingen in de loop van de tijd. De analyse laat 
zien dat 3D beeldvormende technieken gebruikt kunnen worden voor documentatie 
van patiënten met schisis. Er is echter (nog) geen wetenschappelijk bewijs dat 3D 
beeldvormende technieken meer informatief zijn dan 2D. Verder onderzoek op dit 
gebied is nodig.
 In hoofdstuk 3 bespraken we een onderzoek naar toevalsbevindingen op 
CBCTs van schisispatiënten (gemiddelde leeftijd 11.7j, spreiding 6.9-45j). CBCTs van 
187 opeenvolgende niet-syndromale schisispatiënten werden systematisch beoordeeld. 
De volledige CBCT, d.w.z. sinussen, nasofarynx, orofarynx, keel, schedel, halswervels, 
kaakgewricht, maxilla en mandibula werden beoordeeld op toevalsbevindingen. Naast 
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de schisis werd bij 95% van de patiënten een toevalsbevinding gedaan. Meest frequent 
waren afwijkende sinus- en luchtwegbevindingen, gevolgd door dentale bevindingen, 
septumdeviaties van de neus, bevindingen aan het oor en afwijkende vormen van 
kaakgewricht en wervels. De donorlocatie van het bottransplantaat was nog herkenbaar 
in de helft van de patiënten. Tien procent van de patiënten werd naar aanleiding van 
een bijkomende bevinding verwezen en 9% van de patiënten werd verwezen voor een 
tandheelkundige behandeling. Enkele van de bevindingen waarvoor patiënten verwezen 
werden, waren gerelateerd aan de schisisbehandeling. Er werd dan ook geconcludeerd 
dat de CBCT diagnostische informatie geeft die van belang is voor alle disciplines 
betrokken bij de behandeling van patiënten met schisis. Het is daarom noodzakelijk dat 
de CBCT door alle specialisten in het team wordt beoordeeld.
 In hoofdstuk 4 bespraken we een onderzoek over de betrouwbaarheid van 
het gebruik van de EUROCRAN index op digitale gebitsmodellen cq. op foto’s van 
gipsmodellen in vergelijking met het toepassen van dezelfde index op de gebitsmodellen 
zelf.  De EUROCRAN index wordt gebruikt in intercenter-onderzoeken voor 
het beoordelen van de relatie van de tandbogen en van de palatinale morfologie bij 
patiënten met een enkelzijdige lip, kaak en gehemeltespleet. De EUROCRAN 
referentiemodellen die gebruikt worden voor het scoren van gipsmodellen, werden op 
3 manieren gepresenteerd: gipsmodellen, 2D foto’s van de gipsmodellen en 3D digitale 
modellen. De gipsmodellen, 2D foto’s en 3D digitale modellen van 45 patiënten met een 
enkelzijdige schisis van lip, kaak en gehemelte werden gescoord door zes gekalibreerde 
beoordelaars. De relatie tussen de tandbogen kon betrouwbaar bepaald worden met 
alle drie aangeboden mogelijkheden. De morfologie van het palatum was moeilijker 
te beoordelen en de betrouwbaarheid tussen beoordelaars en tussen de aangeboden 
mogelijkheden van gebitsmodellen was matig tot slecht. De resultaten laten zien dat de 
EUROCRAN index gebruikt kan worden voor het beoordelen van de tandboogrelatie 
in alle drie de formaten, zijnde gipsmodellen, 2D foto’s en 3D digitale modellen. De 
palatinale morfologie is echter minder betrouwbaar te scoren met de EUROCRAN 
index.
 In hoofdstuk 5 werd een onderzoek beschreven waarin de verschillen in 
gelaatsmorfologie tussen mensen met en zonder schisis wordt vergeleken met behulp van 
stereofotogrammetrie. Gestandaardiseerde 3D gezichtsfoto’s van 58 patiënten (9 met een 
enkelzijdige lipspleet, 21 met een enkelzijdige lip-kaakspleet en 28 met een enkelzijdige 
lip-, kaak- en gehemeltespleet) en van 121 controle individuen werden gespiegeld waarna 
distance maps werden gemaakt voor elke proefpersoon. Daarna werden voor het hele 
gezicht en voor verschillende delen van het gezicht (wangen, neus, lippen en kin) aan de 
hand van de distance maps gemiddelde waarden voor asymmetrie berekend. Het blijkt dat 
de asymmetrie in het gelaat bij patiënten met en zonder schisis significant verschillend 
is wat betreft het hele gezicht maar ook wat betreft de verschillende faciale eenheden. 
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Elke groep, type schisis en controlegroep, had een eigen asymmetriepatroon. Bij de 
controlegroep was de kin het meest asymmetrische deel van het gelaat. Asymmetrie van 
de neus werd gevolgd door asymmetrie van de lippen bij patiënten met een lip-, kaak-
, en gehemeltespleet. De andere 2 schisisgroepen zaten met hun asymmetriepatroon 
dichter bij de controlegroep. Bij de controlegroep was de kin het meest asymmetrische 
deel van het gelaat. Dit onderzoek laat zien dat stereofotogrammetrie goed gebruikt kan 
worden voor het objectief evalueren van asymmetrie bij schisispatienten.
 In hoofdstuk 6 onderzochten we of de mate van neus-lip asymmetrie bij 
patiënten met een enkelzijdige schisis gerelateerd was aan de esthetische beoordeling 
van de neus en lip. 3D foto’s van 60 patiënten met schisis (10 met een enkelzijde 
lipspleet, 23 met een enkelzijdige lip-kaakspleet en 27 patiënten met een enkelzijdige 
lip-, kaak- en gehemeltespleet) werden gebruikt. Eerst werden 4 gemiddelde gezichten 
- jongens en meisjes jonger dan 10.5 jaar en jongens en meisjes ouder dan 10.5 jaar 
-  gecreëerd uit 3D foto’s van 141 meisjes en 60 jongens zonder schisis. Vervolgens 
werden de gezichten met schisis gesuperponeerd op de gemiddelde gezichten zonder 
schisis en werden 3D vormverschillen berekend. De esthetische beoordeling van neus en 
lippen werd gedaan op 3D foto’s van de schisispatiënten met behulp van de aangepaste 
Asher-McDade Aesthetic index gebruikmakend van een visual analogue scale (VAS). De 
gemiddelde algehele esthetische scores (gemiddelde VAS, deviatie neus, vorm neus en 
profiel neus) liep van 51.44 (SD 8.70) tot 60.21 (SD 8.41) voor de 3 schisisgroepen. 
Een lagere VAS was geassocieerd met een toename van de ernst van de schisis. Hetzelfde 
werd gezien voor de esthetische beoordelingen van de neus. Er werden vormverschillen 
gevonden tussen de gezichten met en zonder schisis, ongeacht het type schisis. Wanneer 
deze vormverschillen met de VAS werden vergeleken, werd echter geen relatie gevonden 
tussen de VAS-score,  leeftijd en geslacht, met uitzondering van een lagere VAS voor 
de neus/lip regio wanneer het profiel van de neus meer afweek van de controlegroep 
(p=0.02). De verklaarde variantie was echter laag (R2 = 0.066). Wij concludeerden 
dat met uitzondering van het profiel van de neus, nasolabiale esthetiek geen relatie had 
met de mate van neus-lip asymmetrie vergeleken met een gemiddeld gezicht. Mogelijk 
spelen andere factoren dan afwijkende vorm een rol in nasolabiale esthetiek.
 In hoofdstuk 7 werden methodologische aspecten en resultaten besproken 
voor de 5 onderzoeksvragen die in dit proefschrift aan de orde kwamen. De huidige 
3D-beeldvormende technieken lijken een omschakeling van 2D naar 3D beoordeling 
te rechtvaardigen. Grootschalige intercenter-onderzoeken en internationale organisaties 
zoals het International Consortium for Health Outcome Measurement (ICHOM) en 
de Amerikaanse Cleft Palate Craniofacial Association (ACPA) hebben zich ingespannen 
om standaard documentatiesets te definiëren om evaluatie van de behandeling en 
intercenter vergelijkingen mogelijk te maken. De door deze organisaties voorgestelde 
documentatie is echter nog steeds gebaseerd op 2D-datasets, uitgebreid met patient 
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gerelateerde uitkomstmaten, PROM’s, (ICHOM). Wij stellen een documentatieset 
voor die enerzijds sterk geïnspireerd is door de ICHOM-dataset, maar tegelijkertijd 
objectieve beoordeling van behandelingsresultaten mogelijk maakt, rekening houdend 
met de nieuwste ontwikkelingen in 3D-beeldvorming. Onderzoek naar de relatie 
tussen door patiënten gerapporteerde uitkomsten, zoals de door ICHOM voorgestelde 
uitkomstmaten en objectief gemeten uitkomsten (met 3D-beeldvorming) wordt 
aanbevolen.
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PhD PORTFOLIO
One ECTS stands for around 28 working hours (including preparation, self-study, 
examinations etc.).
1. PhD training: research skills 
year Workload 
(ECTS)
Master of Advanced studies in Oral Biology, University of Geneva 
(Switzerland):
• Biostatistics and research methodology
• Multidisciplinary approach subjects
• Craniofacial growth
• Evidence based orthodontics
• Biomaterials and biomechanics
2006-2010, 
MSc 25-5-
2010
60
Laboratory Animal Science certificate (80hrs) (comprises the requirements of 
article 9 of the Experiments on Animals Act and the European FELASA category 
C demands).
2009 2.8
2. Presentations 
year Workload 
(ECTS)
Multidisciplinary restorative treatment. Oral presentation
Study Club Nederlandse Vereniging van Orthodontisten  
(Dutch Association of Orthodontists)
2016 0.5
CBCT: new tool, new findings? Oral presentation
Connecting Bites. Symposium Orthodontie Kaakchirurgie Zwolle, Zwolle (NL)
2014 0.5
Soft tissue facial asymmetry in patients with orofacial clefts.  
Poster presentation 
International Association of Dental Research (IADR) Cape Town, South Africa. 
2014 0.2
Incidental Findings on CBCT in patients with an orofacial cleft.  
Oral presentation 
12th International Congress on Cleft Lip/Palate and Related Craniofacial 
anomalies, Orlando (USA)
2013 0.5
Use of CBCT and incidental findings on CBCT in cleft palate patients. Oral 
presentation
Study Club Nederlandse Vereniging van Orthodontisten (Dutch Association of 
Orthodontists)
2013 0.5
Functional adaptation of masseter muscle stem cells.  
Poster presentation 
European Orthodontic Society (EOS), Istanbul Turkey. 
2011 0.2
Tooth wear and retention. Oral presentation  
AAA Réunion scientifique annuelle de l’Association, Geneva (Switzerland), 
15-01-2010.
2010 0.5
Chapter 9
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Retention: a necessary evil? Oral presentation, by invitation.
23rd Congress of the European Begg Society, Thun (Switzerland), 22-05-2009.
2009 0.5
Anterior tooth wear and retention type until 5 years after orthodontic 
treatment Poster presentation  
86th General Session of the International Association of Dental Research, 
Toronto (Canada), 03-07-2008.
2008 0.2
3. (Inter)national conferences attended 
year Workload 
(ECTS)
American Association of Orthodontists 2014 0.75
American Cleft Palate Craniofacial Association 2011, 2012, 
2015
3.5
Dutch Association for Cleft Palate and Craniofacial Anomalies (NVSCA) 2015, 2016, 
2017
0.6
COAST Conference on Orthodontics and Advances in Science & Technology, 
Chicago, USA
2014 0.5
Conference on TMJ arthritis in children with JIA, EuroTMjoint 2011, 2012, 
2014
1.3
Craniofacial Conference of the Craniofacial Society of  
Great Britain and Ireland 
2016, 2017 0.85
Dutch Association of Orthodontists (NVvO) 2012, 2013, 
2014, 2015, 
2016, 2017, 
2018
2.4
European Craniofacial Congress, Göteborg, Sweden 2015 0.7
European Orthodontic Society Congress 2011, 2012, 
2016, 2017
2.6
European Reference Networks Cranio, Paris, France 2017 0.2
International Association of Dental Research, Cape Town, South Africa 2014 0.6
12th International Congress on Cleft Lip/Palate and Related Craniofacial 
Anomalies, Orlando, USA 
2013 0.9
International Orthodontic Congress of the World Federation of Orthodontists, 
London (UK)
2015 0.5
4. Seminars and Workshops 
year Workload 
(ECTS)
Basiscursus stralingsbescherming deskundigheidsniveau 4A/M voor medisch 
specialisten (variant kaakchirurgie/ orthodontie) 
2011 1
Course for working with the new Dutch child abuse guideline, Nijmegen, The 
Netherlands
2013 0.1
Indices and 4D, course for using ICON, IOTN and PAR, Rotterdam, The 
Netherlands
2014 0.2
MRA/MAA indications and applications for OSAS, Nijmegen, the Netherlands 2016 0.2
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5. Reviewing papers 
Numbers of 
papers
Workload 
(ECTS)
Cleft Palate Craniofacial Journal 2 0.4
European Journal of Orthodontics 3 0.6
Journal of Anatomy 1 0.2
Journal of the American Dental Association 1 0.2
Orthodontics and Craniofacial Research 4 0.8
PLOSone 1 0.2
Progress in Orthodontics 2 0.4
World Journal of Medical and Surgical Case Reports 1 0.2
American Journal of Orthodontics and Dentofacial Orthopedics 1 0.2
6. Teaching activities 
year Workload 
(ECTS)
Craniofaciale groei, 2de jaars studenten tandheelkunde 2013-2017 0.6
Evidence based care, how to find evidence, 1ste jaars tandheelkunde 2013-2017 1
Orthodontische aspecten van schisis, 3e jaars geneeskunde 2015, 2017 0.2
Behandeling van patiënten met schisis en andere craniofaciale afwijkingen, 
AIOS orthodontie
2015, 2017 0.6
Craniofaciale groei, weke delen, AIOS orthodontie 2013, 2016 0.2
Supervising Master Project dental student 2017-2017 0.4
7. Other activities 
year Workload 
(ECTS)
Lid opleidingscommissie tandheelkunde, Radboudumc Nijmegen 2012 - heden 2
Lid landelijke richtlijncommissie mondzorg voor jeugdigen 2017 - heden 0.5
GRANTS 
2009 EOS Research Grant for the project ‘’Functional adaptation of Masseter muscle 
 stem cells’’. Amount £ 20.000 
